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Abstract
Information on the movement behaviour and habitat use by non-native invasive
African catfish Clarias gariepinus is crucial in understanding and possibly miti-
gating its potential impacts. The aim of this study was to examine catfish move-
ment and habitat selection within an invaded impoundment in the Eastern Cape,
South Africa. Acoustic telemetry data for 10 tagged catfish were analyzed to
identify spatial patterns in home ranges and seasonal changes in habitat associa-
tions. Long-distance movements were observed for most catfish from common
central release point, whereas short-distance movements defined their home
ranges and utilization distributions that were categorized as localized within single
or multiple habitats. Habitat selection was non-random with most catfish utilizing
the shallow river mouth and upper section of the reservoir that were dominated by
a rocky substratum interspersed with submerged trees. These localities were likely
to be preferred for spawning and/or feeding. Utilization of these habitats by
catfish is likely to be associated with probable impact due to predation and
interference competition for feeding and breeding grounds with other species.
Although most catfish maintained their home ranges throughout the study, sea-
sonal shifts in habitat use, which was reflected by the utilization of deep and
silt-dominated habitats, were also observed for some catfish. Non-random habitat
use and homing behaviour within single and multiple habitats by non-native
sharptooth catfish suggests that its impact within the invaded habitats may be
associated with particular habitats both at broad spatial and temporal scales.
Protection of habitats from catfish invasion should be considered as a manage-
ment option to conserve native biota.

Introduction

Evaluating habitat use by fish is crucial in understanding those
factors that influence their distribution and resource use.
Habitat selection studies, in general, attempt to determine
habitat use in relation to its availability (Manly et al., 2002;
Hirzel et al., 2004; Austin, 2007), which in turn depends upon
spatial and temporal resource availability (Mauritzen et al.,
2003; Mosnier et al., 2003; Gillies et al., 2006). Habitat use by
fish is known to vary with prey abundance (Giannico, 2000),
habitat availability (Daugherty & Sutton, 2005), presence of
predators and competitors (Brown & Moyle, 1991), and
varying environmental conditions. Several studies have also
shown non-proportional use of certain habitats in response to
disproportionate availability of influential resources (Mys-
terud & Ims, 1998; Gillies et al., 2006; Hansen et al., 2009).

Within invaded freshwater habitats, information on habitat
use is essential as non-native invaders have the potential to
influence both resource availability and the distribution of
native species (McIntosh, Todd & Townsend, 1994; Bosch
et al., 2006; Kadye & Magadza, 2008). By understanding

habitat selection and movement behaviour of non-native inva-
sive species, potential impacts can be determined and manage-
ment strategies developed in their mitigation (Carol, Zamora
& García-Berthou, 2007; Lapointe, Thorson & Angermeier,
2010). Within the Eastern Cape, South Africa, African sharp-
tooth catfish Clarias gariepinus (Burchell, 1822) has become
established as an invasive species within many rivers and
impoundments (de Moor & Bruton, 1988; Laurenson, Hocutt
& Hecht, 1989; Potts, Hecht & Andrew, 2008). Sharptooth
catfish occurs in a wide range of habitats and thrives in rivers,
lakes and reservoirs of different sizes and trophic status within
both its natural and invaded ranges (Teugels, 1986; Bruton,
1988; de Moor & Bruton, 1988). It is hardy species that toler-
ates water temperatures from 8 to 35°C, salinity of 0–10‰,
wide pH ranges (Safriel & Bruton, 1984) and low oxygen
concentrations partially due to its possession of an arbores-
cent organ (Van der Waal, 1998). Although sharptooth catfish
is considered to be primarily piscivorous (Groenewald, 1964;
Willoughby & Tweddle, 1978), it is known to have a wide
dietary spectrum (Bruton, 1979a; Teugels, 1986) that includes
plant matter, plankton, macro-invertebrates, amphibians and
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reptiles (Munro, 1967; Bruton, 1979b; Winemiller & Kelso-
Winemiller, 1996). Sharptooth catfish has a fast annual
growth rate, reaching up to 200 mm standard length within a
year and attains sexual maturity within 2 years (Bruton &
Allanson, 1980; Skelton, 2001). It grows to a total length of
about 1.4 m and mass exceeding 30 kg and has a longevity of
at least 15 years (Bruton, 1976; Weyl & Booth, 2008; Booth,
Traas & Weyl, 2010).

The biological attributes of sharptooth catfish related to
its generalized feeding habits, fast growth, high mobility
and ability to survive in a wide range of habitats raises
concern over its occurrence as a non-native invasive species
(de Moor & Bruton, 1988; Cambray, 2003) particularly due
to its predation impact and potential to influence trophic
interrelationships (Vitule, Freire & Simberloff, 2009; Kadye
& Booth, 2012). In the Eastern Cape, there is concern over
the invasion of sharptooth catfish as the region has a dep-
auperate native biota that includes the endemic and endan-
gered fish species such as Pseudobarbus afer, P. asper and
Sandelia bainsii (Cambray, 2003). Studies indicate that this
catfish is a highly mobile and aggressive predator within
invaded habitats (Booth et al., 2010). Its movements and
habitat use within its natural range have been reported to be
driven primarily by its foraging behaviour and reproductive
biology (Bowmaker, 1973; Bruton, 1978, 1979c; Merron,
1993). Foraging behaviours include solitary feeding, social
and organized pack hunting in shallow areas and during
spawning migrations (Bruton, 1979c; Merron, 1993). Its
reproductive movements are often triggered by changes in
the photoperiod, temperature and water flow. Sharptooth
catfish breeds in summer after the rains, and a large number
of sexually active individuals migrate into inundated shallow
habitats in lentic habitats and headwaters of lotic habitats to
spawn (Bowmaker, 1973; Bruton, 1979c; Hocutt, 1989). This
species is also known to exhibit both long- and short-
distance movements, depending on environmental conditions
and food availability, with a varying degree of specialization
to specific habitats (Willoughby & Tweddle, 1978; Hocutt,
1989).

While the movement and habitat use by sharptooth catfish
have been studied in both lotic (Willoughby & Tweddle,
1978; Cambray, 1985) and lentic environments (Bruton,
1979a,b; Hocutt, 1989) within its natural range, no informa-
tion is available for invaded habitats. This study examined
the movement and habitat use of catfish using acoustic telem-
etry within an invaded impoundment in the Eastern Cape
Province, South Africa. Telemetry is a convenient tool for
assessing movement and habitat use and has been used to
study different catfish species within both their natural
(Hocutt, 1989; Daugherty & Sutton, 2005; Mitamura et al.,
2008) and invaded ranges (Carol et al., 2007). The objectives
of this study were to (1) determine the patterns in movement
and habitat use and (2) examine any seasonal changes in
habitat use by catfish within the reservoir. These objectives
were tested under the null hypotheses that catfish distribution
was random, and was not influenced by seasonal changes,
especially in temperature, or physical structure such as depth
and habitat complexity.

Materials and methods

Study area

Glen Melville Reservoir (33°129 S; 26°409 E) (Fig. 1), con-
structed in 1992, covers an area of 76 ha and has a maximum
depth of 25 m at maximum capacity. The reservoir is regulated
by water transferred from the Great Fish River through an
inter-basin water transfer scheme. This regulation involves
filling of the dam biannually between February and March
and between July and August through a water transfer tunnel.
The substratum comprises of shale and mud with drowned
trees mostly in the former river channel. Water surface tem-
perature ranged from 27°C in February to 14°C in July. Water
pH was alkaline and ranged between 8 and 9, and turbidity
was relatively high, ranging between 129 and 257 Nephelom-
etric Turbidity Units during the study period. Sharptooth
catfish was first introduced into the reservoir through the
water transfer tunnel in 1992 and is restricted to the reservoir
because there are no other inflowing rivers. Water only exits
from the reservoir over the retaining wall during flooding,
which did not occur during the study. Other fish species occur-
ring within the reservoir include longfinned eel Anguilla mos-
sambica, moggel Labeo umbratus, smallmouth yellowfish
Labeobarbus aeneus, mudfish Labeo capensis, common carp
Cyprinus carpio and mosquitofish Gambusia affinis.

Pilot experiment

A pilot experiment was conducted to determine short-term tag
loss or expulsion. This was necessary as clariids have been
shown to exhibit expulsion of surgical implants (Baras &
Westerloppe, 1999). Short-term tag expulsion in catfishes has
been observed to usually occur within 12 days of tagging

Figure 1 Map of the study area illustrating the main habitat types
within the Glen Melville Reservoir, Eastern Cape, South Africa. Increas-
ing intensity in the greyscale inset map indicates decreasing depth. The
dot within the south bay represents the joint capture and release point
for catfish.
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either through the incision or trans-intestinally by formation
of a capsule around the implant that adheres to the intestine
that is resorbed and then expelled (Baras & Westerloppe,
1999). Three catfish were surgically equipped with dummy
tags following methods described by Jepsen et al. (2002). The
dummy tags were 13 mm in diameter, weighed 5.6 g in water
and were identical in size and mass to the acoustic tags. Fish
were placed in an anaesthetic bath with clove oil for approxi-
mately 2 min until opercula movement was slow. The fish
measured 81.9 cm, 65.1 cm and 56.7 cm in total length and
weighed 3320 g, 1660 g and 860 g, respectively. Each fish was
placed on a V-shaped surgical table and a dummy tag was
implanted into the peritoneal cavity through a mid-ventral
incision that was positioned posterior to the pelvic girdle. The
incision was closed by three separate non-absorbable sutures.
The duration of the operation was 2 min. After the operation,
fish were placed in a recovery bath with aerated clean water.
Recovery time was 5 min. Each catfish was maintained in
captivity in a separate concrete tank together with two
untagged similar-sized catfish. Fish were fed daily on fish and
pellet diet and monitored weekly for 2 months from December
2010 to February 2011. The incisions were observed to heal
within 7 to 14 days with the sutures being shed. There was
neither evidence of short-term tag expulsion nor signs of del-
eterious effects of the tags on catfish behaviour or feeding
during the pilot experiment.

Habitat classification

Global Positioning System (GPS; Garmin eTrex, Garmin
Corporation, Taipei, Taiwan) coordinates outlining the
perimeter of the Glen Melville Reservoir and habitat classi-
fications were conducted in February 2011 when the dam was
at full capacity. The GPS coordinates of the reservoir map
were then transformed into vector coordinates that outlined
the surface area of the reservoir as a gridded raster map of 20
¥ 20 m pixels. Five areas were then identified from the raster
map to differentiate and represent spatial heterogeneity.
These areas were categorized as river mouth, upper section,
middle section, south bay and north bay (Fig. 1). Within
each area, depth and substrate composition were sampled at
30 random localities on three transects that were set along the
main axis of each area. Sampling was conducted from the
boat with an electric motor at irregular intervals on 10 locali-
ties along each of the three transects that were set along the
main axis within each area. At each locality, depth was meas-
ured using a line with depth markings attached to a lead
weight. Substrate composition was determined from the lead
weight and categorized as either silt (soft bottom) or rock
(hard bottom), and the presence of trees (submerged woody
debris or drowned trees) noted. Each area was therefore clas-
sified based on average depth and the proportions of silt,
rock and trees that were determined from the total number of
points measured (Table 1). An additional variable, the dis-
tance from the joint capture and release point was included in
the analyses to investigate possible changes in movement sub-
sequent to each fish’s displacement. This was determined
based on the Euclidean distance between the capture/release

site and each point on the spatial pixel data frame. The res-
ervoir’s water level was relatively constant during the study.
After being refilled to capacity April 2011, the drawn-down
was approximately 1.5 m.

Tagging of fish

Prior to fish tagging and tracking in the reservoir, range tests
were conducted to determine the minimum detection distance
for the acoustic transmitters. This was conducted by detecting
three transmitters that were randomly placed within each of
the five spatial areas of the reservoir. Within each area, the
transmitters were deployed at different depths (i.e. 1 m below
the surface, intermediate, and 1 m above the bottom). The
minimum detectable distance ranged from about 4 m near the
surface to about 8 m near the bottom in the deeper sections of
the reservoir.

Ten catfish were captured using a surface set long line that
was constructed of polyethylene rope and 1-m nylon snoods
with circle hooks. The long line was approximately 100 m in
length and had 35 hooks that were baited with chicken livers.
The long line was patrolled from the boat and captured fish
were noticeable by the movement of long-line floats. All fish
were hooked in the corner of the mouth. Captured fish were
quickly removed from the hooks, transferred to a water bath
and transported to a tagging station on land. The fish were
identified as fish 1 to fish 10, and were measured (mean = 76.9 �
23.2, range = 38.7–100.1 cm total length) and weighed (mean =
3562 � 2213, range = 520–6320 g; Table 2). Each fish was
anesthetized in clove oil and surgically implanted with Low-
Power (LP) – 13 acoustic tags (Thelma Biotel, Trondheim,
Norway) using the dummy tag surgical procedure. The acous-
tic tags were 13 mm in diameter, weighed 5.6 g (in water),
giving tag-to-body mass ratios <1.08%. The tags had a pulse
interval of 1000 ms and a delay rate of 5–15 s. Each tag had a
guaranteed life span of 4.2 months and an estimated life span of
6.5 months. The tags transmitted at a frequency of 69 kHz. All
captured fish were tagged and, after recovery, released at the
capture point on the same day. Since sharptooth catfish reaches
sexual maturity from 20–53 cm (Bruton, 1976, 1979c; Richard-
son, Booth & Weyl, 2009; Booth, unpubl. data), the tagged
catfish were considered to be mature.

Tracking of fish

Manual tracking of the tagged fish commenced 6 days after
tagging. Tracking was conducted during both summer and

Table 1 Depth and habitat criteria expressed as percentages (%)
assessed within each of the sampled spatial areas within Glen Melville
Reservoir, Eastern Cape, South Africa

Depth
range (m)

Mean
depth (m) Rock Silt Trees

River mouth 0–3 1.6 � 1.1 60 40 50
Upper section 3–10 6.6 � 2.3 15 20 85
Middle section 15–25 19.6 � 3.4 0 100 0
North bay 0–15 8.5 � 4.2 10 90 15
South bay 0–8 4.9 � 2.2 27 73 80
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winter using a VEMCO VR60 receiver with a directional
hydrophone (VEMCO, Halifax, Nova Scotia, Canada) from
February 2011 to July 2011. Catfish were tracked from 05:00
to 19:00 h, and there were between three and four tracking
sessions daily. During each tracking session, fish positions
were sequentially monitored from the dam wall to the river
mouth. When an individual fish was located, the exact posi-
tion of the fish was located by moving the boat, with a quiet
electric motor, slowly towards the direction of the signal to
avoid frightening the fish while decreasing the sensitivity of the
receiver and determining the location of the greatest signal
strength. Each fish’s location was recorded using a portable
GPS. Each tracking session lasted approximately 2 h and the
exercise was repeated after every 3 h to record new relocations
and to determine whether the fish displayed any mortality or
tag loss signal. Mortality or tag loss signals were considered to
be consecutive repeated measurements of a transmitter within
10 m of previously recordings. Temperature was measured
using a HANNA HI 98129 Combo meter (HANNA Instru-
ments Inc., Woonsocket, RI, USA) during each sampling
occasion.

Data analysis

GPS coordinates for catfish relocations were transformed
into Universal Transverse Mercator units. Home range size
for individual catfish was determined using minimum convex
polygons (MCP) from 50 to 95% of the relocations by cal-
culating the smallest convex polygon that encompasses all
relocations (Mohr, 1947). Home range sizes were compared
for the summer (temperature > 20°C) and winter (tempera-
ture < 20°C) periods. Kernel estimation of the utilization dis-
tribution (KUD; VanWinkle, 1975; Worton, 1989) was used
to describe the probability density of the relocations. The

smoothing parameter (h) for KUD was estimated using least
squares cross-validation. Ecological niche factor analysis
(ENFA, Hirzel et al., 2002) was used to investigate the pat-
terns in habitat selection. ENFA searches for gradients in
ecological space that maximizes the differences between the
utilized and available habitats or resources (Basille et al.,
2008). ENFA is based on the concept of marginality and
specialization. Marginality measures the magnitude of devia-
tion between the niche (used space) and available space, and
specialization measures the narrowness of the niche based
on the highest variance of the ratio between available and
utilized habitat (Calenge, 2006; Basille et al., 2008). A Monte
Carlo randomization procedure with 1000 permutations
was used to test the significance of marginality and speciali-
zation. Compositional analysis (Aebischer, Robertson &
Kenward, 1993) was used to test for habitat preference. This
was followed by application of Manly et al.’s (2002) index,

w
u
a

j
j

j

= to test the selection ratios of the different habitat

categories, where uj is the proportion of use of the habitat
category j and aj is the proportion of availability of this
habitat category j. The selection ratios for all habitats were
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w

w
j

j

jj

=
∑

(Manly et al., 2002). A chi-square

test was performed for the Manly’s selection ratios to test
the null hypothesis of random selection of habitat categories.
Comparison between summer and winter habitat selection
was conducted using a principal component analysis-based
Outlying Mean Index (OMI, Doledec, Chessel & Gimaret
Carpentier, 2000) analysis. OMI compares the mean habitat
conditions that are used by individuals to the mean habitat
conditions of the sampled area. Environmental variables, in
proportions, were arcsine transformed prior to ENFA and
OMI analyses. All the analysis were conducted within R (R

Table 2 The number of tagged sharptooth catfish Clarias gariepinus, their length and weight, and the number of tracking times and relocations
recorded during each tracking day

Fish 1 Fish 2 Fish 3 Fish 4 Fish 5 Fish 6 Fish 7 Fish 8 Fish 9 Fish 10
Tracking
times

Length (cm) 84.0 38.7 40.6 58.0 82.0 95.8 100.1 100.0 91.8 78.0
Weight (g) 3620 520 680 1230 3380 5520 6320 5960 5430 2960
Tracking date 26/02/2011 2 1 2 3 4 3 3 4 3 4

27/02/2011 1 2 2 1 3 1 3 3 2 1 4
12/03/2011 1 1 3 2 3 4 2 3 3 4
19/03/2011 1 3 3 2 4 2 3 4 2 2 4
20/03/2011 2 2 1 2 3 3 2 2 3 3
29/03/2011 1 3 2 3 3 2 1 2 2 3
16/04/2011 2 2 2 1 2 3 2 3 3 3 3
30/04/2011 3 4 3 2 3 4 2 2 1 4
07/05/2011 3 2 3 2 3 4 2 4
08/05/2011 1 2 2 1 2 1 2 2 3
21/05/2011 1 4 2 3 3 3 2 3 2 3 4
10/06/2011 2 2 3 1 2 2 1 3
25/06/2011 2 1 1 2 2 1 3
16/07/2011 2 1 3 1 3

Total relocations 13 25 27 22 27 34 27 36 29 25
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Development Core Team, 2012) using the libraries adehabi-
tatHR and adehabitatHS (Calenge, 2006).

Results

Movement and habitat selection

All tagged catfish were located 265 times during the sampling
period. Catfish relocations were characterized by both long-
and short-distance movements with most of these relocations
being observed further from the common capture and release
point (Fig. 2). While the long-distance movements were
related to those relocations furthest from the capture and
release point, the short-distance relocations were either local-
ized within single localities (fish 4, 5 and 10), widespread
within single localities (fish 1, 7, 8 and 9) or localized within
multiple localities (fish 2, 3 and 6; Fig. 2). Similarly, the core
and extent of individual catfish home ranges were both within
single (fish 1, 4, 5, 7, 8 and 10) and multiple (fish 2, 3, 6 and 9)
localities (Fig. 3). Tagged catfish exhibited pronounced
habitat selection (ENFA axes Monte Carlo randomization
test, P < 0.01). The optimal space utilized by the catfish was
different from that which was available as the centroid of the
available habitat differed from that of the utilized ecological
niche (Fig. 4). The first two axes of ENFA explained approxi-
mately 76% of marginality (48%) and specialization (28%) for
the overall catfish niche structure. Substratum types – silt and
rock contributed most to the marginality axis, followed by
depth (Fig. 4). Similarly, silt, depth and rock contributed most
to the specialization axis. Catfish selected habitats that were
shallow with a high proportion of rocks and a low proportion
of silt that was common in deep habitats. Comparison of

habitat preference among the different spatial areas provided
evidence of non-random habitat use (compositional analysis l
= 0.16, P = 0.01). Catfish’s selection of the different spatial
localities was highly dependent (χ4

2 211 9= . , P < 0.01) with the
river mouth being the most utilized (Bj = 0.50) followed by the
upper section (Bj = 0.33) of the reservoir, whereas the middle
section, north and south bays were the least preferred (Bj <
0.10; Table 3).

Temporal patterns in habitat selection

Catfish home range sizes for 95% relocations ranged from 2
(fish 1) to 70 ha (fish 3; Fig. 5). The proportion of home range
size for 50–95% relocations was larger during summer com-
pared to those observed during winter. An exception was for
three fish (fish 1, 3 and 6) that had large home ranges during
winter (Fig. 5). During summer, the first two axes of OMI
analysis for habitat selection accounted for 91% and 8%,
respectively, for the marginality within the data (Table 4). Six
catfish (fish 2, 4, 5, 6, 7 and 10) were associated with the
negative values of the first axis based on the samples and
species plots that depicted the projection of the resource units
(samples) and that of the distribution of utilization weights of
individual fish (Fig. 6). Based on the variables plot, the first
axis was strongly negatively correlated with the habitat vari-
able – rock (Table 4). Two catfish (fish 8 and fish 9) were
strongly associated with the negative values of the second axis
on the samples and species plot (Fig. 6), which corresponded
to the variable trees (Table 4). Two other catfish (fish 1 and
fish 3) were characterized by weak association with either axes.
During winter, the first and second axes explained 88 and 10%,
respectively, for the marginality in OMI analysis (Table 4).

Figure 2 Spatial polygons for individual
sharptooth catfish Clarias gariepinus reloca-
tions within Glen Melville Reservoir, Eastern
Cape, South Africa. The dot represents the
joint capture and release point for catfish.
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Most catfish were associated with negative values of the first
OMI axis with the utilization weights of four catfish (fish 2, 4,
5 and 10) corresponding to habitat variable rock that was
typical of the river mouth, whereas the variables – trees and
distance corresponded to the utilization weights of three
catfish (fish 2, 8 and 9) indicating the utilization of the upper
section of the reservoir (Fig. 6). Three catfish (fish 1, 3 and 6)
appeared to be associated with increasing depth and high
proportion of silt that was typical of the middle and less
structured habitat.

Discussion
Habitat use and movements by sharptooth catfish have been
investigated in a wide range of environments within its natural
range, with studies indicating that its daily and seasonal activi-
ties were strongly influenced by foraging and reproductive
behaviours (Bruton, 1978, 1979a; Willoughby & Tweddle,
1978; Merron, 1993). Telemetry studies have revealed both
territorial behaviours related to feeding and long-distance
migrations related to spawning runs (Hocutt, 1989). Similarly,
during this study, non-native sharptooth catfish exhibited
both long- and short-distance movement patterns that defined
their home ranges. The homing behaviour of catfish provided

Figure 3 Kernel utilization distribution densi-
ties, depicted as raster maps, for individual
sharptooth catfish Clarias gariepinus within
Glen Melville Reservoir, Eastern Cape, South
Africa. Contours illustrate home range size at
different probability levels.

Figure 4 Ecological niche factor analysis (ENFA) for sharptooth catfish
Clarias gariepinus habitat use within Glen Melville Reservoir, Eastern
Cape, South Africa. The plot indicates factorial maps with the dark grey
polygon showing the minimum convex polygon (MCP) of used resource
units (RUs), whereas the light grey area depicts the projection MCP of
the available sites RUs. The abscissa displays the marginality axis
of ENFA, whereas the ordinate displays the first specialization axis of
ENFA. The white dot along the abscissa corresponds to the centroid
of the used habitat. The inserted bar plot shows the overall contribution
of each axis to the specialization.

Table 3 Proportion of used and available habitats and the selection
ratios based on Manly’s index for tagged sharptooth catfish Clarias
gariepinus in Glen Melville Dam, Eastern Cape, South Africa

Habitat type Used Available wj SE (wj) P (wj) Bj

River mouth 0.44 0.18 2.52 0.18 0.00 0.50
Upper section 0.39 0.24 1.65 0.13 0.00 0.33
South bay 0.10 0.21 0.46 0.09 0.00 0.09
North bay 0.02 0.12 0.19 0.08 0.00 0.04
Middle section 0.05 0.26 0.19 0.05 0.00 0.04
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evidence of habitat selection and non-random habitat associa-
tions among the different spatial areas of the reservoir. In
particular, most catfish utilized the river mouth and the upper
section, suggesting the importance of structured habitats.
Shallow and structured lentic habitats have been observed to
be ideal for both catfish feeding and spawning (Bruton,
1979b,c). Previous studies have also reported that although
sharptooth catfish is ubiquitous in many ecosystems, it exhib-
its non-random habitat utilization in relation to its feeding
behaviour (Bruton, 1979a; Hocutt, 1989). While most catfish
maintained their home ranges throughout the study, some
catfish had multiple home ranges that suggested seasonal shift
in habitat utilization. This was particularly reflected by the
utilization of the tree-dominated upper section, and deep and
silt-dominated habitat by some catfish during winter com-
pared to their summer habitat associations.
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Figure 5 Total home range size (hectares) for 50 and 95% relocations of individual sharptooth catfish Clarias gariepinus and the percentage of these
relocations during both the summer and winter sampling periods within Glen Melville Reservoir, Eastern Cape, South Africa.

Table 4 Outlying Mean Index eigenvectors and eigenvalues for first
and second principal components for the habitat variables selected by
sharptooth catfish Clarias gariepinus within Glen Melville Dam, Eastern
Cape, South Africa

Summer Winter

PC1 PC2 PC1 PC2

Depth 0.48 0.08 0.47 -0.05
Rock -0.55 0.49 -0.44 0.62
Trees -0.34 -0.85 -0.46 -0.65
Silt 0.49 -0.16 0.43 -0.31
Distance -0.33 -0.05 -0.43 -0.32
Eigenvalues 4.3 0.4 2.6 0.3
% variation 91.2 7.3 88.4 10.1
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The observed catfish patterns during this study were com-
parable to those reported within its natural range. For
example, Hocutt (1989) described three types of movements in
radio-tagged catfish: long-distance movements exceeding
200 m, moderate movements within 40–200 m and local
movements not exceeding 40 m within Lake Ngezi, Zimba-
bwe. Long-distance movements in catfish usually coincide
with seasonal activity peaks, such as increasing temperature or
flood peaks that induce potamodrometic spawning migrations
into either headwaters of rivers (Bowmaker, 1973; Cambray,
1985) or into shallow and inundated marginal habitats in lakes
(Bruton, 1979c; Hocutt, 1989). During this study, catfish were
tagged when the dam was at its maximum capacity. Most
catfish exhibited long-distance movement immediately after
release and were recorded in the river mouth section and the
south bay. Since these movements appeared to be directional
for most catfish (i.e. from release point to river mouth) these

patterns suggests movement associated with spawning behav-
iour. Within the reservoir, it is likely that the river mouth
section that was shallow and structured would be the most
probable spawning habitat for the breeding population of
catfish. Catfish is, nonetheless, also known to show localized
movements in shallow and marginal habitats for feeding
(Bruton, 1979a).

In comparison to long-distance movements, short-distance
movements defined the home range size and utilization distri-
bution densities for catfish during this study. The short-
distance patterns showed that the movements varied from
localized relocations on both small and broad spatial scales
within single habitats, to localized movements within multiple
habitats, which suggest feeding behaviour movements. Hocutt
(1989) indicated that local movements were the dominating
mode of behaviour in sharptooth catfish, while Bruton
(1979a) suggested that this catfish engaged in concentrated
and intensive searching for prey within a defined area espe-
cially where it encounters preferred food sources within lentic
habitats. Similar patterns have been inferred for the homing
behaviour of the catfish within lotic habitats, such as in the
lower Shire River, Malawi (Willoughby & Tweddle, 1978).
Telemetry studies have also shown localized home ranges and
territoriality in other catfish species, such as the flathead
catfish Pylodictis olivaris in the St Josephs River, Michigan,
USA (Daugherty & Sutton, 2005), and the non-native wels
catfish Silurus glanis in the Flix Reservoir, Ebro River, Spain
(Carol et al., 2007). Localized movements in catfishes have
been related to high use of particular habitats where fish
would typically exhibit multiple displacements within a small
but structured habitat (Daugherty & Sutton, 2005). Habitat
use and site fidelity within such defined areas typically follows
a diurnal pattern that involves high activity associated with
intensive search for prey and low activity in areas of refuge
when the catfish are less active (Bruton, 1996; Carol et al.,
2007). Movement studies on sharptooth catfish, nonetheless,
indicate both diurnal and nocturnal peaks in response to
feeding and risk avoidance behaviours, with its predation
impact being high in deep habitats during the day and in
shallow areas during the night (Bruton, 1979b; Hocutt, 1989;
Merron, 1993). During this study, territorial behaviour
appeared to be common for most catfish as they maintained
their home ranges by exhibiting localized movements either
within single or multiple localities. By utilizing defined areas
within the invaded habitats, this study suggests that catfish
impact may be associated with particular habitats, especially
those that are likely to be preferred by its potential prey such
as the river mouth. The upper section and river mouth locali-
ties were probably the most suitable for refuge and feeding for
both the non-native catfish and native species such as moggel
Labeo umbratus. Utilization of these upstream habitats by
catfish suggests a probable impact related to predation and
interference competition for feeding and breeding space.
Feeding studies indicate that catfish diets are dominated by
fish including moggel within the reservoir (Kadye & Booth,
2012).

Comparison of habitat utilization on a temporal scale
showed that during summer, most catfish were associated with

Figure 6 Outlying Mean Index (OMI) analysis indicating patterns in
sharptooth catfish Clarias gariepinus habitat selection during both the
summer (temperature > 20°C) and winter (temperature < 20°C) sam-
pling periods within Glen Melville Reservoir, Eastern Cape, South
Africa. The main graphs (samples and species) show the projection of
the RUs and the position of the mean of the distribution of utilization
weights for each fish. The variables plots (variables) present the scores
of the variables on the axes of the analysis and the niche plots (niches)
indicates the spatial distribution of utilization range for each fish.
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the river mouth that had rock substrate, while few other
catfish were in the upper section. This suggests that shallower
habitats were most important for catfish during summer com-
pared to deeper habitats and corroborates Bruton’s (1979c)
assessment of catfish movement. Bruton (1979c) observed that
during summer, catfish preferred shallow inshore littoral habi-
tats both for breeding and feeding. Within these shallow habi-
tats, individuals would display different foraging strategies
such as social hunting and surface feeding on floating debris,
terrestrial insects, plankton and crustaceans, and organized
pack hunting for their preferred fish prey (Bruton, 1979c;
Merron, 1993). Bruton (1979b) also noted diel incursions into
the littoral habitats, and concluded that catfish was an effi-
cient nocturnal feeder that is assisted by well-developed non-
visual sensors and organs particularly in clear-water habitats.
In contrast, Hocutt (1989) reported both diurnal and noctur-
nal activity in movements, and further suggested that the
former was predominant. These studies, nonetheless, suggest
that sharptooth catfish’s movements and habitat use are likely
to vary in response to environmental conditions and may be
influenced by seasonality. Although some individual fish
maintained their home ranges throughout the study, there
were few other individuals that showed localized movements
in multiple habitats, which suggest a seasonal shift in home
ranges. Seasonal changes in home ranges for catfishes are
commonly related to changes in temperature as fish often
utilize deeper and warmer habitats during winter (Weller &
Winter, 2001). During winter, three catfish were noted to
utilize the middle and deep habitats while one catfish was
observed to have shifted from the river mouth towards the
middle section of the reservoir, suggesting either the influence
of seasonality, especially temperature, or changing habitat
conditions and food availability for some individuals. Cat-
fish’s adaptability and shift in habitat use is primarily related
to its alternative life-history style in response to changing
internal and external environmental conditions (Bruton,
1996). This suggests that while the risk catfish predation and
competition for space may be associated with particular habi-
tats within its invaded range, its impact may be observed both
on broader spatial and temporal scales through multiple or
seasonal shifts in habitat use.

To conclude, the results of this study provide an assess-
ment of the probable risk associated with invasive catfish.
Invasibility of freshwater ecosystems is usually related to the
use of critical habitats that provide refuge and food for
native species (Lapointe et al., 2010). The potential impact in
such habitats would be related to competition for both space
and resources between the invaders and native species, and
the predation risk associated with predatory invaders.
Within Glen Melville Reservoir, such risks could be inferred
from the utilization of specific habitats, especially the river
mouth, by catfish. The river mouth habitat would probably
be the ideal habitat for feeding and spawning for native
species such as moggel. The movement pattern and use of
river mouth habitats of the reservoir could also infer wide-
spread impact of catfish within the invaded mainstream sec-
tions and the potential to migrate into the headwater streams
that are occupied with native minnows. Management effort

should therefore focus on preventing catfish invasions, and,
where possible, eradication.
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