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A B S T R A C T

Area management in the form of no-take marine protected areas (MPAs) has been criticised as a fisheries
management tool because of its limited capacity to provide short-term benefits to local fisheries. This study used
data from a long-term fish monitoring and tagging project to assess whether catch-and-release (C&R) shore
angling could be compatible with the management objectives of a large, multiple-use, zoned MPA in South
Africa. Tag-recapture rates, trends in relative abundance and mean size of target species, sub-lethal effects and
other potential environmental impacts suggested that C&R research angling, using best practise fish handling
techniques, did not have an overall negative impact on protected fish populations. While positive from a sci-
entific monitoring perspective, more sensitive species did show evidence of increased post-release mortality that
would be exacerbated by higher intensity C&R angling conducted by members of the angling public. It is thus
concluded that C&R shore angling by members of the angling public is not compatible with MPAs zoned for no-
take. However, because C&R angling does have substantially lower negative impacts compared to recreational
harvest fisheries, areas zoned for C&R offer good potential as buffer areas adjacent to no-take areas or as stand-
alone areas where fish conservation can be improved. This concept is proposed for the improved conservation of
surf-zone angling fish species within the iSimangaliso Wetland Park and further afield.

1. Introduction

The consequences of over a century of recreational shore angling
along the South African coastline have been: 1) changes in catch
composition with notable reductions in the abundance of species that
attain a large size, are slow growing, exhibit residency or have vul-
nerable life history stages (e.g. estuarine dependency); 2) a reduction in
catch rates or catch per unit effort (CPUE) of target species; and 3) a
reduction in mean size of target species (Bennett et al., 1994; Brouwer
et al., 1997; Dunlop and Mann, 2012). Management interventions such
as daily bag and minimum size limit restrictions have seldom abated
these trends (Attwood and Bennett, 1995a; Maggs et al., 2012, 2016),
but area closures in the form of well enforced no-take marine protected
areas (MPAs) have resulted in significant localised improvements in the
above mentioned stock status indicators (Bennett and Attwood, 1991;
Attwood and Bennett, 1995b; Cowley et al., 2002; Mann et al., 2016a).

Despite these observed improvements, the use of no-take areas as a

management tool has sometimes been criticised as they provide limited
short-term benefits to local fisheries (Hilborn et al., 2004; Alós and
Arlinghaus, 2013). Since no harvest is associated with recreational catch-
and-release (C&R) angling, it has been suggested that it could be com-
patible with management of no-take MPAs (Cooke et al., 2006). This,
however, assumes that the effects of C&R angling do not cause declines in
fish populations or have other detrimental effects (e.g. litter, environ-
mental damage, etc.) that are contrary to the goals of no-take MPAs.
Given the uncertainty around this debate, and the fact that C&R angling
has been proposed as a method to create revenue in some South African
MPAs (Attwood et al., 1997; Harris et al., 2011), we investigated the
impact of C&R angling on a surf-zone fish population in the St Lucia
Marine Reserve, a zoned MPA within the iSimangaliso Wetland Park, a
World Heritage Site in northern KwaZulu-Natal, South Africa.

In this paper, we used data from a long-term fish monitoring and
tagging project (initiated in November 2001) aimed at comparing surf-
zone fish catches within the exploited area of the St Lucia Marine
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Reserve with those from an adjacent no-take sanctuary area and the
movement patterns of dominant species (Mann et al., 2015, 2016a,
2016b, 2016c). However, with the promulgation of a beach vehicle ban
in January 2002, which effectively reduced angling effort by virtue of
the distance to the nearest access point (walking distance of ∼5 km),
the primary objective of the project was changed to monitor the po-
tential recovery of a previously exploited area using the no-take sanc-
tuary as a benchmark (Mann and Tyldesley, 2013; Mann et al., 2016a).
Although the primary aim of the project was to monitor the dynamics of
surf-zone fish populations, it provided an opportunity to evaluate the
long-term impact of C&R angling and address the question: “Can C&R
angling be integrated into MPA management as an eco-tourism activity,
without negatively impacting local fish stocks?”

To address this question, recapture rates of tagged fishes together
with trends in CPUE of commonly caught species were used to provide
an indication of post-release mortality in the iSimangaliso Wetland Park
long-term research monitoring project, which served as a proxy for an
experimental C&R fishery within a MPA. Similarly, changes in mean
fish size (which should decline if there was substantial C&R mortality)
were calculated over the 12-year study period. In addition, sub-lethal
effects of C&R angling such as deep-hooking, multiple captures and
other environmental impacts such as tackle loss often associated with
recreational C&R shore angling (Lewin et al., 2006; Radomski et al.,
2006; Brownscombe et al., 2017) were investigated. The findings of this
study are discussed in terms of opportunities for improved conservation
and management of the iSimangaliso Wetland Park and other MPAs in
South Africa and further afield. Some general considerations regarding
the future of C&R angling in South Africa are also discussed.

2. Methods

2.1. Study area

The St Lucia Marine Reserve forms part of the iSimangaliso Wetland
Park and stretches from 1 km south of Cape Vidal (28° 08′S; 32° 33′E) to
White Sands (27° 26′S; 32° 42′E) 11 km north of Sodwana Bay, a dis-
tance of approximately 80 km, and extends three nautical miles
(5.6 km) out to sea (Mann et al., 1998). A no-take sanctuary area is
situated centrally between Leven Point (27° 55′S; 32° 35′E) and Red
Cliffs (27° 43′S; 32° 37′E), a distance of ∼25 km (Fig. 1). The shoreline
is predominantly sandy and is backed by high vegetated dunes, but the
surf-zone itself consists of both sand and scattered low relief reefs
comprised of sedimentary beach rock (Ramsay, 1996). No shore angling
by members of the public is permitted in the centrally situated no-take
sanctuary area, but is allowed south of Leven Point and north of Red
Cliffs. However, a ban on the use of off-road vehicles in the coastal zone
in January 2002 (Government Gazette No. 22960 promulgated in terms
of the South African National Environmental Management Act No. 107
of 1998) effectively precluded shore anglers from fishing more than
reasonable walking distance (∼5 km) north of Cape Vidal and south of
Sodwana Bay. This ultimately created a buffer zone on either side of the
sanctuary that was subjected to greatly reduced fishing pressure sub-
sequent to the implementation of the beach vehicle ban.

2.2. Data collection

Standardised C&R angling by volunteer anglers using a stratified
sampling approach was used in this study. Further details are provided
by Mann et al. (2015, 2016a, 2016b, 2016c). A total of 32 anglers were
selected and trained on best C&R fish handling and tagging practices,
based on the recommendations by Bartholomew and Bohnsack (2005),
Cooke and Suski (2005), Cooke et al. (2006), Arlinghaus et al. (2010)
and Brownscombe et al. (2017) and how to record the relevant data.
The 32 anglers were used on a rotational basis and eight anglers par-
ticipated on each field trip. In addition to the above pool of anglers, one
or two guest anglers were invited on each field trip.

Four quarterly field trips were conducted per year. During each field
trip, research C&R angling was conducted by eight anglers in four se-
lected two kilometre areas. Two of the 2 km areas (SA and SB) were
inside the no-take sanctuary area (between Leven Point and Red Cliffs)
and two were in the previously exploited area (EA and EB) south of
Leven Point (Fig. 1). On each day one team of four anglers fished in one
of the previously exploited areas (EA or EB) and the other team of four
anglers fished in one of the sanctuary areas (SA or SB). This was rotated
each day so that at the end of four days each area had been fished by
each of the two teams, providing a statistically robust sampling protocol
in order to compare catches between the sanctuary area and the ad-
jacent previously exploited area (Mann and Tyldesley, 2013; Mann
et al., 2016a).

While the sampling strategy was kept as consistent as possible, an
important change was made after the first 10 years of the project. In
November 2011, each of the four 2 km sampling areas was enlarged to
cover approximately 10 km of coastline. This change was im-
plemented to reduce an inherent sampling bias whereby anglers ex-
erted more effort at certain favoured localities within the 2 km sam-
pling areas and to increase the scope of recapturing tagged fish over a
larger area i.e. between the initial 2 km sample areas (Mann et al.,
2015).

Standardised shore angling gear (i.e. 3–4.5m graphite surf rods,
multiplier or fixed spool reels with braided or monofilament line ran-
ging between 9–23 kg breaking strain) were used. A maximum of two
barbless single hooks per trace was allowed and hook sizes ranged
between 1/0 and 10/0. No attempt was made to remove the hook if a
fish was “gut-hooked” (hook being lodged in the oesophagus) and the
line was simply cut close to the eye of the hook (Schaeffer and Hoffman,
2002; Butcher et al., 2010). Use of circle hooks was encouraged (Cooke
and Suski, 2004) but not enforced due to the higher price of these hooks
and the preferences of some anglers. In order to make the research
fishing comparable to that used by the general angling public and to
target as wide a range of species as possible, commercially available
baits were used (Mann and Tyldesley, 2013; Mann et al., 2016a). While
use of certain artificial lures (i.e. surface plugs and spoons) was allowed
to target various carangid species, soft plastic baits and the use of fly-
fishing gear was not permitted.

All fish caught were landed using a plastic stretcher with a
sheathed stainless steel ruler down the centre and immediately cov-
ered with a wet cloth, quickly measured, carried back to the water
and released. A bucket of fresh seawater was kept at the measuring
station and emphasis was placed on keeping the fish out of water for
as short a time as possible and all surfaces were kept moist to reduce
injury and stress (Casselman, 2005; Brownscombe et al., 2017). Se-
lected species greater than 300 mm fork length (FL), or total length
(TL) in the case of serranids and sciaenids, were tagged using plastic
dart tags. Two different types of tags were used namely PDAT tags
(114 mm×1.6 mm) for fish over 600 mm and PDL tags (85 mm×
1.6 mm) for fish between 300–600 mm. All tags were supplied by
Hallprint©, Australia and tags were obtained through the Oceano-
graphic Research Institute’s Cooperative Fish Tagging Project
(Dunlop et al., 2013).

All catch, effort and tagging data were recorded on a slate by each
angler. Effort data recorded included date, angler name, sampling area
(i.e. EA, EB, SA or SB), time (hours) fished at each locality, targeting
and tackle lost (i.e. number of hooks, swivels and sinkers lost while
fishing). Catch data recorded included tag number (if the fish was
tagged or recaptured), species, length (mm fork or total length), date,
time and locality. A note was made if the hook had been cut off and left
in the fish or if a tagging scar was present on the fish, indicating that it
had been previously tagged but the tag had been shed. Each fish’s
condition was also assessed at the time of release (1 = swam away
strongly; 2 = weak and struggling to regain equilibrium i.e. the ability
to maintain an upright orientation; 3 = bleeding as a result of hooking;
4 = died as a result of capture).
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2.3. Data analysis

All data were captured onto a MS Access database and analysis was
done using MS Access queries and MS Excel spreadsheets. The number
of tag recaptures and tag scars were quantified for each species (in-
cluding single and multiple recaptures). The CPUE (fish/angler/hour)
was calculated for the top six most abundant species following the
methods described by Mann et al. (2016a). Similarly, annual trends in
mean length of the top six species were calculated for the duration of
the study period. The overall objective of this study was to look at the
impact of C&R angling on the fish populations within the area as a
whole. While differences in the demography and relative abundance of

the primary species between the previously exploited areas (EA & EB)
and the no-take sanctuary areas (SA & SB) should not be ignored, these
were described in detail by Mann et al. (2016a). For the purpose of this
manuscript, we first compared the relative abundance and mean size
between the previously exploited and sanctuary areas using a two-
sample t-test assuming unequal variances. However, because all areas
sampled were effectively functioning as no-take areas (since im-
plementation of the beach vehicle ban in 2002), per species CPUE and
length data from all sample areas were pooled to provide an indication
of overall trends in fish abundance and population size structure.
Trends in CPUE and mean size were tested using linear regressions and
one-way ANOVA. The growth rate of Lutjanus rivulatus determined from

Fig. 1. Map of the St Lucia Marine Reserve and Sanctuary within the iSimangaliso Wetland Park showing the sampling areas in this study (EA and EB are in the
previously exploited area, while SA and SB are within the no-take sanctuary area). Note that the extended sampling areas (as of November 2011) simply consisted of
northward and southward extensions (shown by horizontal lines) of the original 2 km sampling areas.

B.Q. Mann et al. Fisheries Research 208 (2018) 179–188

181



tag-recapture data and implications of deep-hooking and multiple re-
captures on growth, as described by Mann et al. (2016c), are presented
and discussed in context of C&R angling. In addition to the above, the
overall impact of C&R angling on the condition of fish at release and the
broader environmental impact of tackle loss were assessed.

3. Results

Between November 2001 and November 2013 a total of 59 field
trips were conducted with a total effort of 16,596 angling hours, of
which 8,212 h (49.5%) took place in the previously exploited area and
8,385 h (50.5%) in the sanctuary area. During this period a total of
15,324 fishes from 91 species and 38 families were caught and released.
A total of 6,613 fish were tagged of which 701 individuals (10.6%)
belonging to 16 species were recaptured at least once (Table 1).

3.1. Tag-recapture study

Of the dominant species with 100 or more fish tagged, five resident
reef-associated species including Lutjanus rivulatus, Epinephelus margin-
atus, Dinoperca petersi, Epinephelus andersoni and Pomadasys furcatus had
recapture rates exceeding 10% (Fig. 2). In contrast, the recapture rate of
species associated with sandy substrata such as Trachinotus botla and
Rhabdosargus sarba, or more mobile species such as Caranx heberi, was
substantially lower (Fig. 2).

3.2. Trends in abundance

CPUE of P. furcatus, L. rivulatus and R. sarba was significantly higher
in the no-take sanctuary areas compared to the adjacent previously
exploited areas (Table 2). Using pooled data for all areas combined,
there was a significant (P < 0.05) increase in the CPUE of four (P.
furcatus, L. rivulatus, Diplodus capensis and D. petersi) of the six most
abundant species. In contrast, there was a slight but insignificant
(P > 0.5) decline in the CPUE of T. botla and a significant (P < 0.05)
decline in the CPUE of R. sarba over the 12-year study period (Fig. 3).

3.3. Trends in mean size

The mean size of T. botla and D. capensis was significantly larger in
the sanctuary areas, while the mean size of D. petersi was significantly
smaller (Table 3). There was no significant difference in mean size of
the other three species caught in the two zones (Table 3). Using pooled
data for all areas combined, trends in mean annual length of the six
most abundant species caught all showed a slight increase in overall
mean length during the study period, but none of these increases were
significant (Fig. 4).

Table 1
Tag and recapture data for 16 fish species tagged and recaptured in the St Lucia Marine Reserve between November 2001 and November 2013.

Family Species No. of fish tagged
and recaptured

No. of single and
multiple recaptures

No. of
tag scars

Total %
Recaptureda

Rhynchobatidae Rhynchobatus djiddensis 55–5 4–1 1 9.09
Serranidae Epinephelus andersoni 325–57 49–8 1 15.38
Serranidae Epinephelus marginatus 295–73 49–24 2 17.29
Serranidae Epinephelus tukula 236–11 12–0 1 5.51
Haemulidae Plectorhinchus flavomaculatus 158–10 10–0 1 6.96
Haemulidae Plectorhinchus playfairi 46–1 1–0 0 2.17
Haemulidae Pomadasys furcatus 817–57 51–6 50 12.36
Dinopercidae Dinoperca petersi 479–96 71–25 6 16.08
Lutjanidae Lutjanus argentimaculatus 20–2 2–0 0 10.00
Lutjanidae Lutjanus rivulatus 1308–652 412–240 33 34.02
Sparidae Diplodus hottentotus 16–1 1–0 0 6.25
Sparidae Rhabdosargus sarba 529–16 16–0 10 4.91
Sciaenidae Argyrosomus japonicus 29–2 2–0 0 6.89
Carangidae Caranx melampygus 30–3 3–0 0 10.00
Carangidae Caranx heberi 141–5 5–0 0 3.55
Carangidae Trachinotus botla 1328–13 13–0 2 1.13

a Including tag scars but excluding multiple recaptures.

Fig. 2. Recapture rates of 10 fish species with over 100 individuals tagged in
the St Lucia Marine Reserve between November 2001 and November 2013
(dashed line shows the 10% recapture rate).

Table 2
Statistical comparison of the catch per unit effort (fish/angler/hour)±
standard deviation between the no-take sanctuary areas (SA & SB) and the
previously exploited areas (EA & EB) for the six most abundant species caught
in the St Lucia Marine Reserve between November 2001 and November 2013.

Species Mean CPUE
Sanctuary
areas

Mean CPUE
Previously
exploited areas

t df p

Pomadasys
furcatus

0.220±
0.101

0.163± 0.086 3.327 113 <0.001a

Lutjanus rivulatus 0.260±
0.143

0.109± 0.084 6.984 94 <0.005a

Trachinotus botla 0.143±
0.105

0.173± 0.109 −1.521 116 0.131

Diplodus capensis 0.053±
0.042

0.049± 0.033 0.425 109 0.671

Dinoperca petersi 0.054±
0.042

0.036± 0.032 2.714 108 0.008

Rhabdosargus
sarba

0.058±
0.063

0.029± 0.033 3.043 88 0.003a

a denotes a significant difference.
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3.4. Effects of deep-hooking and multiple captures on survival and growth

Of the 15,324 fish caught during this study (considering all species)
only 1008 (6.6%) had ingested the hook. Of these fish 629 were tagged
and released and 93 (14.8%) were recaptured. This recapture rate was
not significantly different (P > 0.05) from the total of 5,984 fish
tagged that had not ingested the hook, of which 911 (15.2%) were
recaptured (including multiple recaptures).

The growth rate of L. rivulatus that had ingested a hook when they
were tagged was slower but not significantly different to those that had
been hooked in the mouth and had the hook removed after capture
(Table 4). Similarly, the growth rate of L. rivulatus that were only re-
captured once was not significantly different to those that were re-
captured on two or more occasions (i.e. multiple recaptures) (Table 4).

3.5. Impacts of C&R angling on fish condition at release

Of the 15,324 fish caught and released during this study, 31 (0.2%)
were recorded as being “weak” on release (i.e. they had difficulty re-
gaining equilibrium), 44 (0.29%) were recorded to be “bleeding”

Fig. 3. Trends in CPUE for the six most abundant species caught in the St Lucia Marine Reserve between November 2001 and November 2013.

Table 3
Statistical comparison of the mean length (mm fork length)± standard devia-
tion between the no-take sanctuary areas (SA & SB) and the previously
exploited areas (EA & EB) for the six most abundant species caught in the St
Lucia Marine Reserve between November 2001 and November 2013.

Species Mean length
Sanctuary
areas

Mean length
Previously
exploited areas

t df p

Pomadasys
furcatus

268±38
(n= 1815)

270±40
(n= 1373)

1.919 3236 0.055

Lutjanus
rivulatus

322±83
(n= 2195)

317±87
(n= 923)

−1.744 1873 0.081

Trachinotus
botla

314±63
(n= 1160)

298±59
(n= 1395)

−7.069 2577 <0.005a

Diplodus
capensis

224±
31(n= 442)

215±33
(n= 419)

−4.066 882 <0.005a

Dinoperca petersi 343±71
(n= 467)

370±78
(n= 295)

5.142 711 <0.005a

Rhabdosargus
sarba

387±87
(439)

400±99
(n= 225)

1.757 426 0.079

a denotes a significant difference.
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(normally indicating that the fish had been deeply hooked or hooked in
the gills) and 58 (0.38%) died immediately as a result of capture. None
of these fish were recaptured and based on the assumption that all of
the above mentioned fish succumbed to the injuries sustained during
capture, the total “immediate” mortality (133 fish) was extremely low
(0.87%).

3.6. Associated environmental impacts of C&R angling

Strict discipline on littering was maintained throughout the project
and all litter was removed from the beach. However, a reality of shore
angling in rocky surf-zone areas is that some tackle will be lost. Over
the full 12-year duration of this project a total of 6,350 hooks, 5,840
sinkers, 4,716 swivels and 10 lures were lost. This equates to approxi-
mately 800 kg of lead sinkers assuming an average weight of 142 g (5
ounces) per sinker.

Fig. 4. Annual trends in mean length (± standard deviation) of the six most abundant species caught in the St Lucia Marine Reserve between January 2002 and
November 2013 (data from November 2001 was excluded).

Table 4
Comparison between growth parameters estimated for single and multiple re-
captures and for deep-hooked and unhooked Lutjanus rivulatus using a like-
lihood ratio test. The terms g300 and g600 refer to fish of reference lengths
300mm and 600mm FL, respectively (adapted from Mann et al., 2016c).

Treatment Sample size (n) Mean growth rate
(mm y–1)

χ2 df p

Single recapture 291 g300=35.08
g600=17.58

6.27 3 0.099

Multiple recapture 162 g300=35.42
g600=16.51

Hook ingested 75 g300=34.58
g600=17.32

2.34 3 0.504

Hook removed 357 g300=35.16
g600=18.88
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4. Discussion

4.1. Tag-recapture study

Recognizing that tag-recapture rates are linked to numerous factors
including natural mortality, C&R angling mortality, tag-induced mor-
tality and tag shedding, it is generally not possible to estimate the re-
lative contribution of all these processes unless a double-tagging pro-
cedure or a captive study is used to quantify the respective components
(Attwood, 2003; Pollock and Pine, 2007). Furthermore, it is well known
that most of the mortality associated with C&R angling takes place post-
release (i.e. delayed mortality) (Danylchuk et al., 2007; Brownscombe
et al., 2017). Delayed mortality is divided into short-term mortality
which occurs within the first 72 h after release and is relatively easy to
assess (e.g. Muoneke and Childress, 1994; Bartholomew and Bohnsack,
2005; Cooke and Suski, 2005; Cooke and Wilde, 2007) and long-term
mortality (> 72 h) which is more complicated to assess (Attwood,
2003; Danylchuk et al., 2007; Pollock and Pine, 2007). Nevertheless,
the high recapture rates achieved for the more resident reef-associated
species in this study (including up to seven multiple recaptures for some
L. rivulatus individuals) is suggestive of limited immediate and delayed
mortality following C&R angling. Such high recapture rates are seldom
achieved in dart tag-recapture studies (Wilde and Sawynok, 2009;
Dunlop et al., 2013) and this suggests that the fish capture and handling
methods used in this study were successful in reducing mortality, par-
ticularly for the more hardy species.

Despite the high recapture rates for some species, other species such
as R. sarba, T. botla and C. heberi had relatively low recapture rates.
Although speculative, it is possible that these species have larger po-
pulation sizes and/or exhibit more ranging movement behaviour (and
thus moved out of the original 2 km sampling areas). However, re-
capture rates did not improve after the sampling areas were extended in
November 2011 (Mann et al., 2015). R. sarba appeared to be particu-
larly susceptible to C&R mortality and accounted for 12 (21%) of the 58
observed immediate mortalities recorded. This species fights particu-
larly hard when hooked and quickly succumbs to air exposure unless
properly handled (i.e. by immediately placing the fish into a bucket of
fresh seawater after capture). Mortalities also appeared to be higher
when ambient conditions (air and water temperature) were warmer and
larger fish (> 450mm FL,∼1.5 kg) seemed to be more susceptible than
smaller fish (B. Mann, pers. obs.). Alternatively, most T. botla quickly
regained equilibrium and normally swam away strongly after release.
However, it is known that after heavy physical exertion (i.e. the fight)
and subsequent release, fish may require a substantial recovery period
during which they exhibit reduced fitness or altered behaviour which
makes them more susceptible to predation (Cooke et al., 2001;
Danylchuk et al., 2007). T. botla are known to be important prey species
for large piscivores (e.g. Carcharhinus limbatus and Caranx ignobilis) and
are frequently used as live-bait to target such predatory species (B.
Mann, pers. obs.). Since the study area consisted of an open surf-zone
along an exposed coastline, these predators may have accounted for a
proportion of post-release mortality as has been observed in other
studies focusing on species such as Albula vulpes (Cooke and Philipp,
2004; Danylchuk et al., 2007). Although relatively heavy tackle was
used to limit the fight time and reduce post release predation, these
results indicate the C&R activities may have an impact on the species
composition in MPAs by reducing the numbers of species that are more
sensitive to its impacts.

4.2. Trends in abundance

Use of nominal or raw CPUE data as an indicator of fish abundance
has been criticised as there are many other variables which can affect
such trends (Maunder et al., 2006). To address this concern, Mann et al.
(2016a) standardised the CPUE data and adjusted for selective targeting
of the top four species caught during the first 10 years of this study.

These authors showed a significant increase in abundance of P. furcatus,
T. botla, L. rivulatus and D. capensis in the previously exploited area and
either an increase (L. rivulatus and D. sargus), a stable trend (P. furcatus)
or a slight decrease (T. botla) in the sanctuary area (the latter being
ascribed to a subtle shift in targeting). Similarly in this study three of
the six species analysed (P. furcatus, L. rivulatus and R. sarba) showed a
significantly higher CPUE in the no-take sanctuary areas (Table 2).
Since the aim of this paper was simply to examine overall impacts of C&
R angling, nominal CPUE data were pooled from all areas sampled to
provide a broad indication of trends in fish abundance. This showed
significant increases in overall abundance of P. furcatus, L. rivulatus,
D.capensis and D. petersi, a slight but insignificant decline in T. botla and
a significant decline in R. sarba (Fig. 3). The slight decline in T. botla is
likely to be as a result of a gradual change in targeting, with more effort
being focused on surf-zone reef fish species as the angling team got to
know the area better (Mann et al., 2016a). Rather than being as a result
of angling mortality, the decline in R. sarba has been linked to the long-
term closure of the nearby nursery area (St Lucia Estuary) as a result of
the ongoing drought in northern Zululand and the negative impact that
this has had on recruitment of this estuarine-dependent species (Mann
and Pradervand, 2007).

4.3. Trends in mean size

A comparison between areas showed that two of the six species
analysed (T. botla and D. capensis) had significantly larger mean sizes in
the no-take sanctuary areas, while D. petersi were significantly larger in
the previously exploited areas (Table 3). Trends in mean size of the six
species pooled for all areas all showed a slight but insignificant increase
over the 12-year study period (Fig. 4). This is despite the observed
lower recapture and higher mortality rates observed for R. sarba and T.
botla. Mann et al. (2016a) showed a significant increase in mean length
of P. furcatus, L. rivulatus and D. capensis in the previously exploited
areas over the first ten years of the study period indicative of stock
recovery, whereas no significant changes in mean size were detected in
the no-take sanctuary areas. These results indicate that the C&R
methods used in this study did not have an overall negative impact on
either the abundance or size structure of the fish populations being
targeted.

4.4. Hooking mortality

The observed capture mortality (i.e. immediate hooking mortality)
was exceptionally low (0.87%) and tag-recapture results showed similar
recapture rates for both fish that had ingested the hook (14.8%) and
those that had not (15.2%). A more detailed study on the growth of L.
rivulatus that had ingested hooks to those that had not, also revealed no
significant difference (Mann et al., 2016c). While it is well known that
tagging itself can have a negative effect on fish growth (Attwood and
Swart, 2000), this result suggests that ingestion of barbless hooks has a
limited effect on the mortality of fish subjected to C&R angling, as
witnessed by Wilde and Sawynok (2009).

4.5. Sub-lethal effects

It is known that capture by hook and line fishing may induce phy-
siological stresses manifested by increased levels of lactate and cortisol
in the blood, with recovery times being species dependent (Tomasso
et al., 1996; Bartholomew and Bohnsack, 2005). Similarly, removing a
captured fish from the water and exposing it to air results in severe
bradycardia and elevated cardiac output (Cooke et al., 2001;
Arlinghaus et al., 2007). Such sub-lethal effects may result in reduced
growth rate and potentially reduced reproductive output (Cooke et al.,
2006). While such impacts are difficult to quantify (Pollock and Pine,
2007), it does suggest that C&R angling may have subtle long-term
effects on fish populations. This problem may be exacerbated in areas
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exposed to intensive C&R angling where individuals might be captured
multiple times. However, Mann et al. (2016c) revealed that growth of L.
rivulatus recaptured multiple times compared to those that were only
recaptured once showed no significant difference. Although this finding
is likely to be very species-specific, it does suggest that the impact of
even intensive C&R angling can be mitigated to some extent by good
fish handling practises.

4.6. Associated environmental impacts of C&R angling

The environmental impacts of tackle loss during the current study
were considered to be relatively low (e.g. 69 kg of lead sinkers lost per
annum over a ∼36 km stretch of coastline). Although this is minimal,
when compared with the 24–190 sinkers/m2 which were found in
South Wales (Cryer et al., 1987), the cumulative impacts of tackle loss
such as sinkers and fishing line (which have known negative environ-
mental impacts) can be considerable (Jacks et al., 2001; O’Toole et al.,
2009). Freshwater studies have suggested that lead can pose a threat to
wildlife such as birds which may ingest it (e.g. Scheuhammer et al.,
2003). However, the primary concern in the coastal marine habitat,
where waterfowl that could ingest lead are not present, would be dis-
solution and the release of precipitates and chemicals into the water
(Goddard et al., 2008). Fortunately, lead is stable under most en-
vironmental conditions found in aquatic systems, suggesting that lead
pollution in this fishery is unlikely to have negative impacts. Another
seldom considered impact is that of broken-off traces with baited hooks
which then still hook fish which are unable to escape and either die or
succumb to predation. Such impacts need to be considered in the
context of the objectives of MPAs and again this is directly linked to the
intensity of C&R angling that is permitted.

4.7. Is C&R angling compatible within South African MPAs?

Despite the positive results presented in this study, the answer to
this question is not simple or straightforward. Much discussion has
recently taken place in South Africa around the issue of MPA zonation
(NPAES, 2008; Harris et al., 2011; Sink et al., 2012). The most recent
decision (see discussion in Mills et al., 2015) has been to use four basic
zonation categories, namely: Zone A) a no-take, no-go “sanctuary zone”
where no human use is allowed except scientific research; Zone B) a
“restricted use no-take zone” where only non-consumptive resource use
is allowed (e.g. snorkelling, scuba diving, etc.); Zone C) a “controlled-
pelagic use zone” where only harvesting of pelagic, migratory gamefish
species is allowed; and Zone D) a general “controlled use zone” where
limited consumptive use is permitted. Zones A and B above would
contribute towards achieving no-take protected area targets, while
zones C and D would only contribute towards achieving broader MPA
targets (NPAES, 2008).

Cooke et al. (2006) argue that C&R angling can be compatible with
no-take MPAs under specific conditions and that with appropriate
regulation and angler education, C&R can help enhance achievement of
conservation and management goals associated with MPAs, while
maintaining public support and providing alternative tourism-based
revenues for displaced fishers. Bartholomew and Bohnsack (2005) took
a more precautionary approach stating that while C&R angling is an
important activity, it does cause some disturbance, injury and mortality
which may conflict with some goals of no-take MPAs. In this respect
they mention the following points: 1) release mortality can jeopardize
survival of large individuals which have a disproportionate contribu-
tion to egg production; 2) cumulative mortality from C&R could be
damaging for long-lived species; 3) popularity of C&R may result in too
many anglers negating the population benefits of reduced mortality
from C&R compared to extractive fishing; and 4) allowing C&R in no-
take MPAs makes surveillance and enforcement more difficult because
the simple detection of the act of fishing is no longer sufficient evidence
of a violation.

Our findings support those of Bartholomew and Bohnsack (2005) in
that although the C&R angling we conducted was clearly a successful
and sustainable technique from a research monitoring perspective,
there was some associated fishing mortality (particularly for sensitive
species), sub-lethal effects and other environmental impacts. These
impacts would be exacerbated with increased angling effort, should the
area be opened to C&R angling by members of the public. These effects
would thus not be compatible with the conservation benefits associated
with no-take MPAs (see review by Lester et al., 2009). However, our
findings support the notion of designating zoned areas where C&R an-
gling, as opposed to extractive harvesting, is allowed within MPAs
(Bartholomew and Bohnsack, 2005; Cooke et al., 2006; Alós and
Arlinghaus, 2013). In this regard, C&R angling should be considered as
an option in the controlled use zones C and D as described above.
However, allowing C&R angling in Zone B (a no-take area where only
non-consumptive use is permitted) is cautioned as there are some ne-
gative impacts associated with C&R angling, which may be species-
specific or go unnoticed due to delayed mortality.

Within the iSimangaliso Wetland Park and the St Lucia Marine
Reserve specifically, the area north of Cape Vidal to Leven Point is
currently zoned to allow consumptive shore angling (IMP, 2016) but
most of this 22 km stretch of remote coastline is not accessible to shore
anglers as it extends beyond a reasonable walking distance (∼5 km).
The same applies to the 23 km area south of Sodwana Bay to Red Cliffs
(Fig. 1). While these areas may effectively be functioning as no-take
MPAs due to limited shore angler access (especially the southern area –
Mann et al., 2016a), it is suggested that consideration be given to the
establishment of approximately 10 km “buffer areas” on either side of
the no-take sanctuary area south of Leven Point and north of Red Cliffs.
These buffer areas can be zoned as C&R areas and a concession can be
provided whereby a limited number of shore anglers are allowed access
to these areas under strict control (Mann et al., 2016b). While it is
understood that there will be a degree of fishing mortality and sub-
lethal effects as described above, with appropriate regulation and good
angler education (through the use of trained guides and implementa-
tion of a strict C&R protocol), establishment of such zoned C&R areas
could help to enhance the goals of this World Heritage Site. In this
respect, a limited number of anglers would be allowed to access this
near-pristine stretch of coastline and experience good quality angling.
This would enhance tourism and revenue income to the Park but limit
impact on surf-zone fish populations. This could, therefore, be con-
sidered to be an example of good contemporary conservation practice.

While the focus of this study addressed the compatibility of C&R
angling in MPAs, the results indicate that the designation of C&R only
areas outside the boundaries of existing MPAs would also be beneficial.
Management authorities are thus encouraged to consider this option in
an attempt to reverse the over-exploited status of many coastal fishery
species in South Africa (Mann, 2013).

4.8. General comments regarding C&R angling

At this point it is important to highlight the fact that fishery man-
agement agencies worldwide, including South Africa, have increasingly
put more reliance on measures that require mandatory C&R, such as
minimum and maximum size limits, daily bag limits and closed seasons
(Bartholomew and Bohnsack, 2005). Clearly the success of these mea-
sures requires sufficient survival and subsequent reproduction by re-
leased animals if they are to be successful. All marine recreational an-
glers in South Africa have to abide by a suite of species-specific
management regulations (Mann, 2013). These regulations apply to all
fish caught along the South African coast. Furthermore, the recreational
fishing industry in South Africa and elsewhere is increasingly en-
couraging voluntary release of fish as means to improve sustainability
and to expand recreational fishing opportunities (Bartholomew and
Bohnsack, 2005; Arlinghaus et al., 2007). For example, the South
African Shore Angling Association took a step forward in 1995 and
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discouraged the killing of fish in shore angling competitions
(Pradervand et al., 2007), recommending that members measure and
release all fish caught with points determined using species-specific
length/weight regressions rather than by weighing individual fish. The
development of the new C&R only Rock-and-Surf Super Pro League is
further evidence for the increasing trend of voluntary action by anglers
that is attempting to maintain sustainable recreational fisheries. Such
steps should be supported and future attempts at improving the sus-
tainability of recreational angling through C&R and other voluntary
behaviours should be strongly encouraged, including the involvement
of recreational anglers in the design and management of MPAs
(Danylchuk and Cooke, 2011). In this regard development of a C&R
protocol, which promotes better survival of released fish, should be
developed and made widely available to improve angler support,
awareness and behaviour (Cooke and Suski, 2005; Arlinghaus et al.,
2010). For this, specific experiments further examining the impact of C
&R on the physiology and survival of fish captured in marine recrea-
tional shore fisheries are required.
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