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A B S T R A C T

Recreational marine shore-based (MSB) fisheries are growing rapidly in many developing countries where they
compete with subsistence and small-scale fisheries for resources. Many MSB fisheries are managed using reg-
ulations (e.g. size- and bag-limits) that require mandatory catch-and-release (C & R). More recently, voluntary
C & R angling has become increasingly popular within the MSB recreational sector and has even expanded into
competitive angling. Unfortunately, there is limited information pertaining to its effects on fish health and
survival in the nearshore marine environment and particularly in high-energy surf zones. The aim of this study
was to examine the impacts of C & R on a range of nearshore coastal fish species during a C & R MSB angling
competition. The health and survival of fishes was assessed during the national Rock and Surf Super Pro League
C & R tournament near East London, South Africa. The tournament rules require fish to be handled and un-
hooked in a bucket filled with seawater. The fight time, total air exposure, hook injury, difficulty of hook
removal, extent of bleeding, angler distance from bucket, fish time into bucket and total time was recorded for
each C & R event. Fishes were then subject to either blood sampling, a reflex impairment assessment or a short-
term (18–24 h) survival experiment in three 3 425 l ponds. In total, 247 fish, belonging to 23 different species,
were sampled (49 “blood chemistry”, 113 “reflex impairment”, 35 “survival”, 50 “independent” samples). A
linear mixed effects model (LMM) identified fight time (P< 0.01) as a significant predictor of blood glucose
concentration and air exposure as a significant predictor of blood lactate concentration (P< 0.01) in teleosts. In
elasmobranchs, air exposure was a significant predictor of blood glucose concentration (P< 0.05) while air
exposure (P= 0.03) and fight time (P= 0.04) were the best predictors of blood lactate concentration. A total of
83.9% of the teleosts suffered some form of reflex impairment (4 indicators) compared with 31.4% for elas-
mobranchs (3 indicators). A cumulative link mixed model (CLMM) identified fight time (P < 0.01) and hook
removal (P= 0.02) as the best predictors of reflex impairment in teleosts, while fight time (P < 0.01) was the
best predictor of reflex impairment in elasmobranchs. The total mortality during the survival experiment was
14.3%, however, mortality was only observed in one family, the Ariidae (38.5%). The reflex impairment scores
of all surviving fishes showed a complete recovery from the impacts of the C & R event. Although the findings
suggest that immediate mortality within this fishery was low, with the exception of the Ariidae, the superior fish
handling practices applied during this event still resulted in considerable physiological stress and reflex im-
pairment. This is most likely ascribed to the extensive energy expenditure endured by fishes during capture in a
high-energy environment.

1. Introduction

Marine shore-based (MSB) fisheries are popular in many coastal
countries and are culturally and socially important due to their re-
creational value (Arlinghaus et al., 2007). In developed nations, such as
Australia (Smallwood et al., 2011), the United States of America
(Karpov et al., 1995) and France (Herfaut et al., 2013), recreational
MSB fisheries are well-developed and compete with commercial fishing

industries, mostly through the exploitation of smaller individuals (often
the juveniles) of many target species (McPhee et al., 2002). Recrea-
tional MSB fisheries are growing rapidly in emerging economy coun-
tries and are already well established in Brazil (Freire et al., 2016),
Argentina (Llompart et al., 2012), Namibia (Kirchner et al., 2000) and
South Africa (Brouwer et al., 1997), where they compete directly with
local subsistence and artisanal fisheries. In South Africa for example,
subsistence fishing communities, who are highly dependent on the
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coastal resources (Sunde and Isaacs, 2008), make up only a small
proportion (10%) of the MSB fishery (McGrath et al., 1997). Therefore,
the activities of the recreational sector, which makes up the remaining
90% of the participants (McGrath et al., 1997), have a major impact on
these communities. With significant participation rates, it is critical that
global recreational MSB fisheries are sustainably managed to prevent
declines in the viability of recreational, commercial and subsistence
fisheries.

Recreational MSB fisheries are traditionally managed using species-
specific size limits, bag (creel) limits, closed seasons and closed areas.
The former three regulations generally require fishes that fall outside of
the regulatory framework to be released immediately after capture.
Besides the legal obligation for C & R, there is an increase in voluntary
C & R amongst recreational anglers (Cooke et al., 2013a). As a result
C & R has become increasingly prevalent as a conservation measure in
recreational fisheries globally (Arlinghaus et al., 2007). The cumulative
extent of mandatory and voluntary C & R is significant. Although not
specific to MSB fisheries, Raby et al. (2014) estimated that 60% of all
fishes captured in global recreational fisheries are released.

Unfortunately, many fisheries managers assume that the effects of
C & R on released fishes are negligible (Cooke and Cowx, 2004) and,
therefore, that all fish released by recreational anglers are healthy and
survive. However, several studies (Cooke and Philipp, 2004; Cooke and
Suski, 2005; Gingerich et al., 2007) have shown that C & R practices
significantly increase fish mortality. Furthermore, C & R impacts appear
to be specific to both the species angled and the environment in which
they are captured (Cooke et al., 2013a) and this is evident in many
single species studies that have been performed in a range of habitats
(Arlinghaus et al., 2007; Bower et al., 2016; Brownscombe et al., 2014,
2013; Cooke et al., 2001; Danylchuk et al., 2014, 2007; Lennox et al.,
2015; Meka and McCormick, 2005; Raby et al., 2014; Thorstad et al.,
2003). Despite extensive recent research, there are limited studies that
have examined C & R impacts in high-energy nearshore coastal habitats
and this hinders the development of best practice guidelines and the
ability of fisheries managers to better estimate mortality and manage
MSB fisheries. In addition, there are few multispecies studies that have
simultaneously compared the response of different species to the im-
pacts of C & R in a single habitat or fishery and this limits our under-
standing of interspecific responses to C & R impacts.

Several characteristics of the habitat in which MSB fishing takes
place can influence the post-capture health and survival of released
fishes. For example, the strong currents and powerful waves often as-
sociated with this zone may result in a more exhaustive capture event.
The high-energy shore-breaks can also result in damage as the fish is
landed, particularly along a rocky shoreline, where sharp barnacles,
mussels and rock-edges may injure the fish. The dry sand, typically
associated with the beach environment, can disturb the glycol-protein
mucous layer on the fish and may influence its hydrodynamics, os-
moregulation and disease resistance (Rottmann et al., 1992). The surf
zone environment, and marine environment in general, hosts a variety
of predators including birds, mammals, cephalopods and other fishes.
Many of the teleost and smaller elasmobranch species that are captured
by MSB fishermen form part of the diet of these predators and fishes
that are impaired by C & R practices are, therefore, more susceptible to
predation (Raby et al., 2014). Since these factors operate cumulatively,
they may have a profound impact on the survival of fishes captured in
the marine nearshore environment.

A broad range of methods have been used to assess the health and
survival of fishes after a C & R event (Arlinghaus et al., 2007; Cooke and
Schramm, 2007). The more general indicators include physiological
and behavioural responses of fishes, while post-release mortality has
also been monitored over time (Arlinghaus et al., 2007; Bartholomew
and Bohnsack, 2005). Stress and predicted mortality have been linked
to physiological responses, and are reflected in the blood glucose and
blood lactate concentrations of fishes (Arends et al., 1999). Elevated
levels of glucose and lactate in the blood of teleosts have been

associated with anaerobiosis, confinement, exhaustion and increased
handling (Arends et al., 1999; Bower et al., 2016; Brownscombe et al.,
2014; Ferguson and Tufts, 1992). High blood glucose and blood lactate
concentrations have also been used as indicators for stress in elasmo-
branchs and have been positively correlated with stressors such as
confinement and tiring (Cliff and Thurman, 1984; Gallagher et al.,
2012).

Reflex impairment has become an important indicator during the
assessment of fish health and survival in C & R experiments. Here ty-
pical reflex actions, termed “reflex action mortality predictors”
(RAMP), which are defined as involuntary or stereotyped movements,
are examined after the C & R event to predict the survival outcome of
fishes (Davis, 2010). These methods are simple, cheap and their efficacy
in predicting delayed mortality, stress and behavioural impairment in
fishes has been validated in a number of studies (Davis, 2010, 2005;
Raby et al., 2012).

Post-release mortality has been effectively monitored by retaining
fish in temporary holding facilities, such as keep nets and cages within
natural water bodies, and under experimental conditions after capture
(Cooke and Schramm, 2007). Although expensive and often logistically
challenging, they offer a method to quantify short-term mortality.
Biotelemetry has been used to monitor the post-release physiological
response and behavioural impairment of fishes (Capizzano et al., 2016;
Donaldson et al., 2008; Ferter et al., 2015). However, this method is
often prohibitively expensive and is not suited to the powerful, noisy
South African coastal environment.

One of the bottlenecks to the collection of rigorous C & R data is the
ability of the scientists or angling teams to capture sufficient numbers of
fish in short periods. This is particularly true in overexploited MSB
fisheries. Live-release competitive angling not only provides an op-
portunity for meaningful research, but also “inserts the angler into
C & R angling science” (Cooke et al., 2017). In South Africa, a growing
interest in C & R has culminated in the establishment of an exclusively
C & R marine shore-based competitive league, the Rock and Surf Super
Pro League (RASSPL). Their annual national competition attracts the
best anglers from several coastal franchises and allowed us to rapidly
obtain C & R information from a large number of fish during a three-day
experiment.

The aim of this study was to develop and utilise a rapid assessment
technique to obtain baseline estimates of the health and survival of
fishes caught in a competitive South African recreational MSB fishery.
In doing so, we describe and present the results of an experiment to
examine the impact of C & R in the RASSPL national competition, which
included independent assessments of blood glucose and lactate con-
centrations, a RAMP assessment and a short-term (up to 24-h) survival
experiment using fishes caught on conventional shore-based angling
gear.

2. Materials and methods

Data collection was conducted over three days during the RASSPL
Africa national tournament between the Gulu River mouth
(33°07′08.17″S, 27°43′52.20″E) and the Biega River mouth
(33°23′00.69″S, 27°19′33.51″E) near East London, South Africa from 30
April to 2 May 2015. Temperature (air and sea) was measured several
times daily. Data collection was performed by seven pairs of re-
searchers, with each of the members undertaking separate, pre-defined
roles, following several training sessions. Each pair performed one of
three main tasks: blood chemistry, RAMP or survival (day 3 only).

Two pairs were responsible for blood chemistry measurements and
five pairs were responsible for RAMP analyses on day 1 and day 2. On
day 3, one pair was responsible for blood chemistry measurements, four
pairs for RAMP analyses and two pairs for the survival experiment. The
RASSPL Africa rules required anglers to follow a three-step procedure
for each fish that was landed. The first step was to place the fish (after
capture) into a standardised white, opaque rectangular RASSPL bucket
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(38 × 28 × 27 cm), filled with fresh seawater for unhooking. The
second step involved measuring the fish on a standardised polyvinyl
measuring mat. The last step was to pose for a photograph whilst
holding the fish. The first two steps also required photographic evi-
dence. After the last step, the rules require that fish be placed into the
standardised bucket and returned to the sea. The anglers carried out
these procedures independently of data collectors. Once this process
was completed, anglers would normally release the fish directly into the
sea, however, for the experiment, they were asked to place the fish into
a clear bucket (55 × 35 × 25 cm) containing seawater which was held
by one of the research team members at the water’s edge.

Research teams began recording information from the moment that
they noticed an angler hooking a fish. A stopwatch was used to record
the time taken for the angler to complete various tasks. The “fight time”
(see Brownscombe et al., 2014) was recorded once the fish was landed.
Researchers then estimated the distance from the angler to their
RASSPL bucket and measured the time that it took to place the fish into
the bucket. The fish species captured, time of day, hook placement
(corner of the mouth, upper lip, lower lip, throat or foul-hooked
somewhere on the head or body of the fish) and ease of hook removal
(“easy”< 20 s or “difficult”> 20 s for the angler to remove the hook)
was noted. The level of bleeding caused by hook injury was categorised
between 0 and 3; (0 = no bleeding, 1 = minimal bleeding, insufficient
to stain the water in the bucket, 2 = bleeding sufficient to lightly stain
the water and 3 = profuse bleeding, staining the water a deep red/
brown colour). The length of each fish (teleosts: fork length (FL),
smaller shark species: total length (TL), larger shark species: precaudal
length (PCL), rays: disc width (DW)) was measured by the angler and
noted by the researchers. The “air exposure” time (s) was recorded as
the total amount of time a fish was outside of water. This included the
air exposure from landing until the fish was placed into the bucket, the
measurement on the canvas mat and the photograph with the angler
holding the fish. The researchers then executed the tasks appropriate to
their assignment of either blood chemistry measurements, RAMP ana-
lysis or placing fish into holding ponds to monitor survival. Only 1
aspect (RAMP, blood chemistry or survival) was investigated per fish.
Research pairs sampled throughout the tournament and data collection
was dependent on the number of fish landed and the ability of research
teams to process them. The RASSPL points system rewards the first of
every new species captured. Thereafter individuals of a species gen-
erally earn very few points and, therefore, some fish were released
immediately by the angler after landing. These, and all fish belonging to
the family Ariidae (which were difficult to work with due to their ve-
nomous spines) were not included in the assessments and were reported
as independent samples (with all independent variable information
recorded).

2.1. Blood chemistry

Once received from the angler, fish were placed upside-down into a
foam-padded trough. Blood (< 2 ml) was taken from the caudal vas-
culature of the fish using a 22G needle and syringe, before release. Point
of contact devices that have been previously validated (Cooke et al.,
2008) for use on fishes were utilised to measure blood lactate
(mmol.l−1, Lactate-Pro 2, Arkray Inc., Kyoto, Japan) and blood glucose
(mmol.l−1, Accu-Chek Active, Roche Diagnostics, Basel, Switzerland).

2.2. Reflex action mortality predictors (RAMP’s)

Fish were immediately placed into a clear rectangular holding
bucket (55 × 35 × 25 cm) that was filled with fresh seawater. Four
reflexes were tested on each individual. These included the “head
complex” which involved assessing the regularity of the fish’s opercula
beats (regular = 0, irregular or none = 1), “tail grab” which involved
gently grabbing the fish’s tail and noting the fish’s response (reactive
swimming action = 0, no response = 1), “equilibrium”, which

involved gently inverting the fish and recording whether or not it was
able to right itself within three seconds (positive response = 0, no re-
sponse = 1) and “body flex” which involved gently lifting the fish and
holding it on its side, above the water. Fish that responded by flexing
their torso within three seconds were given a score of 0, while those
that did not were given a score of 1. “Body flex” was only conducted on
teleosts as it was not always possible to hold the elasmobranch species
on their sides. The RAMP values for all measures were averaged for
each fish, to give a score of between 0 and 1 with 1 indicating a high
level of reflex impairment. As with other studies (e.g. Bower et al.,
2016), RAMP values were treated as objective measurements.

2.3. Survival

Three survival ponds (diameter 220 cm, depth 90 cm, volume 3
425 l) were set up using a flow-through system using water from a tidal
pool (50 m x 40 m x 0.9 m) situated adjacent to one of the competition
access points. A BVP5000 submersible water pump (Leader Pumps,
Italy), which was powered by a 6 kVA petrol generator, fed water into
each of the ponds at a flow rate of 3 450 l/h (> 1 replacement per
hour). Thermometers were placed in each of the tanks and the tem-
perature was taken every three hours.

Two vehicles were used to transport fish to the survival ponds on the
third competition day (between 06h00 and 14h00). Once fish were
obtained from the angler they were placed directly into a small bucket
(60 × 40 × 25 cm) containing seawater for transportation to a larger
seawater-filled holding tank on the back of a vehicle. The time taken
from collection to placement in the survival ponds was recorded. Each
fish was tagged with a t-bar anchor tag (Hallprint TBA), so that in-
dividuals could be identified at the end of the experiment, and placed
into one of the survival ponds. Elasmobranchs were confined to one
pond, while teleosts were split between the other two. The time of in-
troduction to the pond and tag number of each fish was recorded. Fish
mortality was noted every three hours and a RAMP analysis, described
previously, was performed on each fish the following morning at
08h00. Fish were retrieved from the ponds using a landing net and this
data was considered as “baseline” RAMP data.

2.4. Statistical analyses

Fishes with “incomplete data” such as no record of fight time, were
not considered in the analyses. Teleost and elasmobranch data were
analysed separately. Chi-square tests for independence were used to
assess whether hook placement significantly affected the ease of hook
removal among species.

Linear mixed effects models (LMM) (Zuur et al., 2009) with normal
distributions were used to model the effect of air exposure, fight time
and total time on blood lactate and glucose concentrations of teleost
and elasmobranch fishes. Blood lactate and glucose concentrations
were considered as the response variable while the independent pre-
dictor variables, air exposure, fight time and total time were considered
as fixed effects. The independent predictor variables were considered
biologically relevant due to their significant relationships with blood
chemistry in previous C & R studies (Arlinghaus et al., 2013; Arlinghaus
et al., 2013; Cooke et al., 2013b). Species was included in the model as
a random effect, to account for species-specific variation. The catego-
rical variables: hook removal, hook placement and bleeding were ex-
cluded from the models due to insufficient representation of some ca-
tegories.

Given that RAMP score is an ordinal categorical multinomial re-
sponse variable (Agresti, 2002), cumulative link mixed models
(CLMM), with a logit link function (Christensen, 2015), were used to
model the effect of air exposure, fight time, total time and hook removal
on the RAMP score of teleost and elasmobranch fishes. RAMP score was
considered to be the response variable, ordered from zero to four for
teleosts and from zero to three for elasmobranchs. The continuous
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independent predictor variables, air exposure, fight time and total time
and the independent categorical predictor variable, hook removal, were
considered as fixed effects. Species was treated as the random effect to
account for species-specific variation. The Wald statistic χ2 was used to
test the significance of the fixed effects in all models.

To improve the interpretability of the regression coefficients within
each model, standardised ‘beta’ coefficients were calculated by centring
and standardising the input response variables (subtracting the mean
and dividing by the standard deviation) (Schielzeth, 2010). For the
CLMM models, due to the inclusion of the categorical variable, stan-
dardised coefficients were calculated as per Gelman (2008), where the
independent variable, hook removal, was coded for 0 and 1, and all
independent variables were scaled by dividing by two standard devia-
tions.

The model assumptions (random effects and within-unit residual
errors are normally distributed and have constant variance) that were
required to run the LMMs and the multinomial CLMMs were met.
Analyses were conducted in R version 3.2.3 (R Development Core
Team). The LMMs were fitted using the lmer function in the package
‘lme4′ (Bates et al., 2015) and the CLMMs were fitted using the clmm2
function in the package ‘ordinal’ (Christensen, 2015).

For the survival experiment, t-tests were used to test the difference
in air exposure, fight time and total time between individuals of species
that survived and those that did not. Logistic regression with a binomial
family and logit link functions was then used to model the predictive
probability of survival (0 = dead, 1 = alive) of Galeichthys spp based on
the significant variables.

3. Results

In total, 247 fish, belonging to 23 different species in 7 families,
were sampled (Appendix A) (49 “blood chemistry”, 113 “RAMP”, 35
“survival”, 50 “independent samples”). The average (± sd) C & R
event (from hooking to release, total time) lasted 292.3 ± 130.6 s
(range: 44–953 s). The average fight time was 67.7 ± 59.6 s (range:
10–451 s). Anglers landed their fish on average 34.7 ± 34.6 m (range:
2–250 m) away from their RASSPL bucket and the average time to get
the fish from landing into the RASSPL bucket was 47.8 ± 58.5 s
(range: 0–647 s). The average air exposure time was 101.9 ± 64.3 s
(range: 5–410 s). Mean air exposure was higher for elasmobranchs
(114.0 ± 73.1 s, range: 10–410 s) when compared to teleosts
(94.3 ± 57.1 s, range: 5–301 s). Bleeding was observed in 61 (26.9%)
of the fish. Of these 61, the majority (67.2%) were placed into the
“limited bleeding” category, while only 5 (8.2%) were bleeding pro-
fusely. Overall, 22.1% of hook removals were difficult (> 20 s) and a
slightly larger proportion of hook removals were difficult for elasmo-
branchs (25.6%) when compared to teleosts (19.9%) (χ2 = 1.01,
df = 1, P = 0.31). Within the teleost families, the Ariidae (31.7%) had
a significantly higher percentage of difficult hook removals when
compared with the Sparidae (11.5%) (χ2 = 6.37, df= 1, P = 0.01).
Hook removal was difficult for significantly more fish that were hooked
in the throat (68.0%) than the corner of the mouth (17.9%), upper jaw
(14.3%), lower jaw (15.5%) or foul hooked (0.0%) (χ2 = 34.99,
df = 4, P < 0.01).

3.1. Blood chemistry

Blood glucose concentrations were measured for 45 fishes (23 tel-
eosts and 22 elasmobranchs), while blood lactate concentrations were
measured for 38 fishes (23 teleosts and 15 elasmobranchs). The ma-
jority of fish (34) underwent both lactate and glucose assessments while
11 were only assessed for glucose concentration and 4 for lactate con-
centration; this was due to instrument failure. The average C & R event
for these teleosts and elasmobranchs was 319.5 ± 189.5 s (range:
141–953 s) and 289.5 ± 80.0 s (range: 135–395 s) respectively
(Appendix B). Average fight time for teleosts (60.7 ± 37.6 s, range:

22–204 s) was marginally higher than elasmobranchs (57.0 ± 32.5 s,
range: 18–160 s). In contrast, the mean air exposure was marginally
lower for teleosts (93.3 ± 43.7 s, range: 6–199 s) than elasmobranchs
(mean: 97.3 s ± 46.4, range: 39–191 s) (Appendix B).

The average blood glucose concentration was
2.18 ± 0.80 mmolml−1 for teleosts and 3.75 ± 1.93 mmolml−1 for
elasmobranchs (Table 1), while the average blood lactate concentration
was 6.96 ± 3.66 mmolml−1 for teleosts and 4.79 ± 1.85 mmolml−1

for elasmobranchs (Table 1). Blood glucose concentrations for the
dominant teleost families, Sciaenidae and Sparidae, were similar
(2.32 ± 0.69 mmolml−1 and 2.31 ± 0.73 mmolml−1, respectively)
while glucose concentrations between the elasmobranch
families Scyliorhinidae (3.13 ± 1.29 mmolml−1) and Triakidae
(6.90 ± 1.08 mmolml−1) were different. In contrast, there were dif-
ferences in the blood lactate concentrations between the Sciaenidae
(5.70 ± 3.94 mmolml−1) and Sparidae (7.81 ± 3.41 mmolml−1) and
less variation between the blood lactate concentrations of the elasmo-
branch families Scyliorhinidae (4.42 ± 1.88 mmolml−1) and Tria-
kidae (5.83 ± 1.50 mmolml−1) (Table 1).

For teleosts, the LMM identified fight time as a significant predictor
of blood glucose concentration, with reduced values observed for in-
dividuals that were exposed to longer fight times (Fig. 1a, Table 2). Air
exposure was a significant predictor of blood lactate concentration,
with higher values observed for individuals that were subjected to
longer air exposure times (Fig. 1c, Table 2). For elasmobranchs, the
LMM identified air exposure as a significant predictor of blood glucose
concentration, with higher values observed for individuals that were
exposed to longer air exposure times (Fig. 1b, Table 2), while air ex-
posure and fight time were the best predictors of blood lactate con-
centration, with lower levels observed for individuals that were ex-
posed to longer air exposure times (Fig. 1d, Table 2) and higher levels
observed for individuals that were exposed to longer fight times
(Fig. 1e, Table 2). These results were supported by the standardised
coefficients.

Table 1
Mean whole blood glucose and blood lactate concentrations for fishes captured during the
Rock and Surf Super Pro League competition near East London, South Africa.

Blood Chemistry

Blood Glucose Blood Lactate

N mean ± SD N mean ± SD

All Species 45 2.94 ± 1.65 38 6.10 ± 3.22
Elasmobranchs 22 3.75 ± 1.93 15 4.79 ± 1.85
Rhinobatidae Rhinobatos annulatus 2 2.40 ± 0.57 – –
Scyliorhinidae 16 3.13 ± 1.29 11 4.42 ± 1.88

Haploblepharus fuscus 14 3.40 ± 4.25 10 4.25 ± 1.90
Poroderma africanum 2 1.20 ± 0.42 1 6.10

Triakidae Triakis megalopterus 4 6.90 ± 1.08 4 5.83 ± 1.50
Teleosts 23 2.18 ± 0.80 23 6.96 ± 3. 66
Haemulidae Pomadasys

commersonnii
1 0.70 – –

Plotosidae Plotosus limbatus 1 0.80 1 2.90
Sciaenidae 10 2.32 ± 0.69 7 5.70 ± 3.94

Argyrosomus
japonicus

8 2.25 ± 0.75 5 5.72 ± 4.42

Umbrina robinsoni 2 2.60 ± 0.42 2 5.65 ± 3.89
Sparidae 11 2.31 ± 0.73 15 7.81 ± 3.41

Cymatoceps nasutus 1 3.00 1 3.40
Diplodus cervinus – – 1 8.80
Diplodus sargus
capensis

6 2.31 ± 0.73 7 9.46 ± 3.80

Lithognathus
lithognathus

– – 1 9.40

Pachymetopon grande 3 1.83 ± 0.42 4 5.65 ± 2.22
Rhabdosargus holubi 1 3.10 1 6.80
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3.2. Reflex action mortality predictors (RAMP’s)

The RAMP score was calculated for 113 fishes (62 teleosts and 51
elasmobranchs). The average duration of the C & R event for teleosts
and elasmobranchs was 293.8 ± 103.3 s (range: 110–569 s) and
313.8 ± 111.2 s (range: 92–660 s), respectively (Appendix C). The
average fight time was lower for teleosts (57.1 ± 35.3 s, range:
10–196 s) than elasmobranchs (82.1 ± 81.6 s, range: 19–420 s). The
average air exposure was also lower for the teleosts (92.6 ± 53.1 s,
range: 5–301 s) than the elasmobranchs (113.9 ± 60.3 s, range:
16–289 s).

The mean RAMP score for teleost and elasmobranch fishes was
0.30 ± 0.23 and 0.12 ± 0.20, respectively (Table 3). For the teleosts,
“body flex” appeared to be more sensitive (80.7% of fish were im-
paired) than the other RAMP indicators, followed by “tail grab” (19.4%,
Table 3). The most sensitive indicator for the elasmobranchs was “tail
grab” (27.5%) followed by “equilibrium” (7.8%, Table 3). For teleosts,
the CLMM identified fight time and hook removal as significant pre-
dictors of RAMP score (Table 4), with higher RAMP values observed in

fishes that had long fight times (Fig. 2a) and difficult hook removals
(Fig. 2b). For elasmobranchs, the CLMM also identified fight time as a
significant predictor of RAMP score (Table 4), with higher RAMP scores
observed in fishes that were subjected to longer fight times (Fig. 2c).

3.3. Survival

Thirty-five fishes (25 teleosts and 10 elasmobranchs) were collected
and kept in the survival ponds for an average of 22.5 h (range:
18.8–25.7 h). The average fight time was lower for teleosts
(53.6 ± 18.8 s, range: 10–90 s) than elasmobranchs
(119.9 ± 128.8 s, range: 30–451 s) (Appendix D). Air exposure was
also lower for the teleosts (86.1 ± 52.0 s, range: 23–173 s) than elas-
mobranchs (151.9 ± 75.0 s, range: 48–297 s). The temperature in the
ponds ranged from 18.0–18.5° C during the experiment. The total
mortality for all fishes was 14.3%, however all mortalities were ob-
served in two species belonging to one family, the Ariidae.

Three Galeichthys feliceps and two G. ater (Ariidae) died within three
hours of their placement into the ponds and the overall mortality for the

Fig. 1. Relationship between blood glucose and a)
fight time in teleosts, b) air exposure in elasmo-
branchs, and between blood lactate and c) air ex-
posure in teleosts, d) air exposure in elasmobranchs
and e) fight time in elasmobranchs.

Table 2
Summary results of the Linear Mixed Effect Models (LMM) describing the relationship between blood glucose and lactate concentration and air exposure, fight time and total time for
teleosts and elasmobranchs. Significant P-values are indicated by bold text.

Variables df Estimate SE Wald Χ2 P-value Beta (standardised coefficients)

Model − Glucose Teleosts
Intercept 2.166 0.531 – –

Air exposure 1 0.006 0.003 2.647 0.104 0.318
Fight time 1 −0.020 0.006 15.954 0.001 −0.696
Total time 1 0.004 0.002 3.611 0.057 0.365

Model − Glucose Elasmobranchs
Intercept 3.852 2.741 – –
Air exposure 1 0.022 0.011 3.99 0.046 0.552
Fight time 1 −0.039 0.027 2.198 0.138 −0.380
Total time 1 0.002 0.008 0.05 0.829 0.070

Model − Lactate Teleosts
Intercept −5.431 2.689 – –
Air exposure 1 0.056 0.019 8.162 0.004 0.560
Fight time 1 0.042 0.031 1.882 0.170 0.264
Total time 1 0.021 0.013 2.641 0.104 0.340

Model − Lactate Elasmobranchs
Intercept 3.722 2.325 – –
Air exposure 1 −0.024 0.011 4.667 0.031 −0.769
Fight time 1 0.041 0.020 4.192 0.041 −0.541
Total time 1 0.007 0.007 1.181 0.277 0.408
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family Ariidae was 38.5%. There was no significant difference in the
average fight time (t-test: t = 1.71, df = 10.93, P = 0.12) or average
air exposure time (t-test: t = 1.18, df = 4.86, P = 0.29) between those
fish that died and those that survived. However, the overall time of the
C & R event was significantly higher for the fish that died (t-test:
t = 2.82, df = 5.55, P = 0.03, Fig. 3a). Total time was also a sig-
nificant predictor of survival of Galeichthys spp with the probability of
survival decreasing with an increase in total time (Χ2 = 7.52,
P < 0.006; Fig. 3b). Three of the five ariiad fishes that died had

swallowed the hook and endured difficult hook removals while none of
the eight that survived swallowed the hook and only one was subject to
a difficult hook removal. All other fish species, including two fish
(Sparadon durbanensis& Epinephelus marginatus) that had swallowed the
hook (line cut), survived the experimental period. Post-recovery RAMP
assessments of all remaining teleosts and elasmobranchs, including
those that had swallowed hooks, yielded RAMP values of 0 (no im-
pairment).

Table 3
Reflex action mortality predictor scores for all species displayed as a percentage of impaired individuals in one or any of the four indicator categories, Head Complex (HC), Tail Grab (TG),
Equilibrium (EQ) and Body Flex (BF), and average RAMP scores between indicators.

RAMP

HC TG EQ BF Impaired RAMP
N % % % % % mean ± SD

All Species 113 7.1 23.0 8.8 – 60.2 0.22 ± 0.23
Elasmobranchs 51 2.0 27.5 7.8 – 31.4 0.12 ± 0.20
Rhinobatidae Rhinobatos annulatus 10 0.0 70.0 20.0 – 70.0 0.30 ± 0.25
Scyliorhinidae 28 3.6 21.4 0.0 – 25.0 0.08 ± 0.15

Haploblepharus fuscus 24 4.2 16.7 0.0 – 20.8 0.07 ± 0.14
Poroderma africanum 4 0.0 50.0 0.0 – 50.0 0.17 ± 0.19

Triakidae Triakis megalopterus 13 0.0 7.7 15.4 – 15.4 0.08 ± 0.20
Teleosts 62 11.3 19.4 9.7 80.7 83.9 0.30 ± 0.23
Ariidae Galeichthys feliceps 3 33.3 33.3 0.0 66.7 66.7 0.33 ± 0.38
Clinidae 1 0.0 0.0 100.0 100.0 100.0 0.50
Dichistiidae Dichistius capensis 1 0.0 0.0 0.0 100.0 100.0 0.25
Haemulidae Pomadasys commersonnii 2 0.0 0.0 0.0 100.0 100.0 0.25 ± 0.00
Sciaenidae Argyrosomus japonicus 15 13.3 40.0 13.3 86.7 93.3 0.38 ± 0.23
Sparidae 39 10.3 12.8 7.7 79.5 82.1 0.28. ± 0.22

Cymatoceps nasutus 1 100.0 0.0 0.0 100.0 100.0 0.50
Diplodus cervinus 3 0.0 0.0 0.0 66.7 66.7 0.17 ± 0.14
Diplodus sargus capensis 16 6.3 6.3 12.5 87.5 87.5 0.28 ± 0.89
Lithognathus lithognathus 5 20.0 40.0 20.0 100.0 100.0 0.45 ± 0.33
Pachymetopon grande 8 12.5 25.0 0.0 75.0 87.5 0.28 ± 0.16
Rhabdosargus holubi 4 0.0 0.0 0.0 50.0 50.0 0.13 ± 0.14
Sparodon durbanensis 2 0.0 0.0 0.0 50.0 50.0 0.13 ± 0.18

Tetraodontidae Amblyrhynchotes honckenii 1 0.0 0.0 0.0 0.0 0.0 0.00

Table 4
Summary results of the Cumulative Link Mixed Model (CLMM) describing the relationship between RAMP and air exposure, fight time, total time and hook removal for teleosts and
elasmobranchs. Significant P-values are indicated by bold text.

Model − RAMP Teleosts

Variables Estimate (βi) SE z value P-value Beta standardised coefficient

Air exposure −0.008 0.007 −1.23 0.220 −0.520
Fight time 0.028 0.010 2.904 0.004 2.145
Total time 0.002 0.004 0.525 0.600 0.035
Hook removal (Easy/difficult) −1.731 0.727 −2.381 0.017 1.088
Threshold coefficients Estimate (θ ̂ j) SE z value
0|1 −1.053 1.003 −1.049 −2.626
1|2 2.991 1.043 2.869 1.194
2|3 4.575 1.223 3.742 2.702
3|4 5.920 1.381 4.286 4.040
AIC 114.659
Log-likelihood −48.329

Model − RAMP Elasmobranchs

Variables Estimate (βi) SE z value P-value Beta standardised coefficient

Air exposure 0.006 0.007 −1.330 0.368 0.410
Fight time 0.014 0.005 2.776 0.006 2.156
Total time −0.006 0.004 −1.330 0.184 −1.147
Hook removal (Easy/difficult) −1.84 0.988 1.866 0.062 0.665
Threshold coeefficients Estimate (θ ̂ j) SE z value
0|1 1.532 1.516 1.011 0.719
1|2 4.365 1.716 2.543 3.421
AIC 65.353
Log-likelihood −25.677
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4. Discussion

We found that regulated (in this case by competition rules) C & R
practices can result in low immediate mortality for most species in a
MSB fishery. However, despite the conservation-minded fish handling
protocols, we found evidence of considerable physiological and motor
impairment. This was displayed in the relationship between blood
chemistry and fight time and air exposure as well as in the difference
between the RAMP scores immediately after the C & R event and after
the ∼24 h recovery period. This impairment may ultimately have a
negative impact on the survival of fishes and may have an even greater
effect when fishes are caught-and-released in predator-rich, harsh,
high-energy environments such as the one commonly found along the
South African coastline.

There were several lines of evidence to suggest that teleost fishes
may become exhausted during “the fight” in this fishery. When looking
at the reflex response of teleosts, fight time was identified to be a sig-
nificant predictor of RAMP score. The high occurrence of reflex im-
pairment shown for teleosts in this study (83.9%) may therefore be
attributed to exhaustion from the fight. Furthermore, a high percentage
of teleosts were impaired for the “body flex” (80.7%) and the “tail grab”
(19.4%) indicators. Brownscombe et al. (2015) suggested that these
indicators were linked to physical exhaustion as a result of the use of
white muscle tissue during exercise. The very high percentage of fish
that did not respond to the “body flex” indicator may lead one to
question its validity. However, Raby et al. (2012) also observed high
“body flex” impairment in their study on coho salmon (Oncorhynchus
kisutch) captured in a beach seine fishery. Since they found that body
flex was consistent across treatments and the control, they suggested

that it may have little value as an impairment indicator. In this study,
“body flex” was not impaired in any of the surviving fishes after the
24 h survival experiment, suggesting that it is a useful, and highly
sensitive, indicator.

In terms of physiological response, we found a negative relationship
between blood glucose concentrations and fight time in teleosts.
Glucose is released into the bloodstream of teleosts to provide energy
for muscle and brain function during stress events (Martinez-Porchas
et al., 2009; Wendelaar Bonga, 2011). However, glucose production is
triggered via several mechanisms and these are generally regulated by
two primary hormones, adrenalin and cortisol, which are released
during stress. Adrenalin stimulates the breakdown of glycogen (glyco-
genolysis) by the liver and leads to a rapid increase in blood glucose
concentration (Wendelaar Bonga, 2011). Cortisol, however, activates
both glycogenolysis and gluconeogenesis (a second glucose generating
process) in teleosts and also stimulates the release of catecholamines by
chromaffin cells (Reid et al., 1998). The peak release of these two
hormones is staggered and there is a paucity of information on the time
course of glucose entering the bloodstream in response to a stressor,
although physiological response is thought to peak approximately one
hour after a stress event in teleost fishes (Arlinghaus et al., 2009;
Bracewell et al., 2004; Brownscombe et al., 2014; Suski et al., 2007).
Interestingly, other studies with similar experimental designs (im-
mediate blood sampling) and short fight times (< 3 mins) have found
no relationship between blood glucose and fight time (eg. O’Reilly
Sepulchro et al., 2013; Pinder et al., 2016). Therefore, although our
results may have been confounded by interspecific physiological traits,
one cannot discount the possibility that the negative association be-
tween blood glucose concentration and fight time may be ascribed to

Fig. 2. Relationship between RAMP and a) fight time and b) hook
removal (E = Easy, D = Difficult) in teleosts and c) fight time in
elasmobranchs.

Fig. 3. Relationship between survival of Galeichthys spp and the total
time of the capture event where a) represents the mean total time
between individuals that survived and died, and b) represents the
predictive probability of survival of Galeichthys spp under differing
total times, as calculated by the logistic regression model.

E.C. Butler et al. Fisheries Research 195 (2017) 152–168

158



the utilization of the existing blood glucose for the required white
muscle function during the burst activity associated with the short
fight.

The rapid, yet strenuous nature of the fight in this fishery may also
explain the poor relationship between the fight time and blood lactate
concentrations in teleosts (Table 2). Many fish make use of glycolysis to
provide energy for burst swimming (Wang and Richards, 2011). As the
glycogen is depleted and lactate has accumulated in the muscle tissue,
some fish begin to transition towards aerobic exercise. However, during
extreme exercise activity when adenosine triphosphate (ATP) demand
exceeds production, such as during a capture event, fish may switch to
anaerobic respiration in order to rapidly produce ATP (Wang and
Richards, 2011). Since anaerobic exercise is only initiated once the
other energy source (glucose) is depleted, peak blood lactate con-
centrations may be delayed (Cooke et al., 2013b). Thus, it is possible
that the short fight times that are characteristic of this fishery may limit
the physiological impact normally associated with anaerobic respira-
tion.

Similarly for elasmobranchs, who also endured short fight times
(average = 79.1 ± 80.0 s.), the results of this study provided evidence
for physical exhaustion whereby the LMM identified fight time as a
significant predictor of blood lactate concentration. Other studies
(Danylchuk et al., 2014; Gallagher et al., 2014; Heberer et al., 2010)
that also found a positive relationship between fight time and blood
lactate concentration in shark species attributed this to burst swimming
activity and anaerobiosis. When examining the results of these studies,
it is apparent that the fight times were considerably longer (Danylchuk
et al., 2014 − average = 194 s, Gallagher et al., 2014 −
average = 3684 s, Heberer et al., 2010 − average = 4320 s,) than in
our study. However, since the capture events in these studies generally
occurred in low energy environments, it is hypothesised that the in-
tensity of the short fight in the high-energy nearshore environment may
have the potential to cause an increased lactate response, although a
more specific study would be required to address this possibility. Not
many studies have quantified and investigated fight intensity as a C & R
factor although Brownscombe et al. (2014) showed that fight intensity
and not duration was a more important driver of physiological stress in
largemouth bass (Micropterus salmoides).

Further evidence for exhaustion is provided by the significance of
fight time as a predictor of RAMP score for elasmobranchs.
Additionally, the “tail grab” reflex, which (as mentioned previously) is
thought to be related to exhaustion (Brownscombe et al., 2015), was the
most frequently impaired (27.5% of all individuals tested).

While one is unable to change the negative physical and physiolo-
gical impacts associated with exhaustion in the high-energy surf zone, it
is possible to manipulate angler behaviour to improve the health and
survival of fishes with regard to factors such as air exposure. Air ex-
posure was found to be a significant predictor of the blood lactate
concentration of teleosts in this study and has been identified as an
important factor in other C & R studies (Meka and McCormick, 2005;
Suski et al., 2007). Research suggests that under hypoxic conditions, the
capacity of ATP production in the mitochondria is reduced due to the
lack of oxygen which acts as its terminal electron receptor (Wang and
Richards, 2011), and anaerobic metabolism is initiated to fulfil the
energy requirements of the fish. Since the end product of anaerobic
respiration is lactate, it is unsurprising that blood lactate concentrations
in this study were generally higher in fishes that were subjected to
longer air exposure times. In a controlled experiment on the gilthead
seabream (Sparus aurata, Sparidae), Arends et al. (1999) found that
blood lactate levels tripled after three minutes of air exposure, reaching
an average of 2.7 mmolml-1, and that these levels only returned to
normal within approximately 12 h. When comparing our results with
this study, the mean blood lactate concentration of the sparid fishes
(5.70 ± 3.94 mmolml-1) far exceeded that of the gilthead sea bream,
despite being exposed to air for less time (average 109 ± 54 s). This is
most likely a result of the additional physical exertion that captured

fishes experienced during the fight in the high-energy surf zone.
The positive relationship between blood glucose concentration and

air exposure in elasmobranchs could suggest that hypoxia may drive
increases in blood glucose. However, unlike teleosts, studies on some
shark species, including the epaulette shark, Hemiscyllium ocellatum
(Routley et al., 2002; Speers-Roesch et al., 2012) and dogfish, Scy-
liorhinus canicular (Butler et al., 1979), suggest that at least some of
these fishes are capable of retaining constant blood glucose con-
centrations under hypoxic conditions. This suggests that some elasmo-
branch species may use a different physiological mechanism to cope
with hypoxia. Interestingly, the CLMM did not identify air exposure to
be a significant predictor of the RAMP score for elasmobranchs. It is
therefore possible that the significance of air exposure as a predictor of
blood glucose may be attributed to something other than a physical or
physiological response. Since the mean blood glucose concentration for
the spotted gully shark, Triakis megalopterus, was more than twice as
high (6.9 mmolml−1) as the brown shyshark, Haploblepharus fuscus
(3.4 mmolml−1), despite similar capture stress, it is possible that the
result may be attributed to inter-species variation in resting blood
glucose concentrations.

The negative relationship between elasmobranch air exposure and
blood lactate concentration is puzzling. The shark species captured in
this study were benthic, sedentary species and are therefore thought to
have a lower oxygen demand than pelagic sharks (Smith et al., 2004). It
is possible that the lower oxygen demand of some of these species may
provide them with a resilience to the hypoxia associated with a short
period of air exposure. Gallagher et al. (2014) found a large range in the
blood lactate concentration of several large shark species captured
using drumlines and little evidence for differential rates of lactate in-
crease between species. Therefore it is also possible that interspecific
differences in baseline blood lactate concentrations may explain the
significant negative relationship between air exposure and blood lactate
concentration. For example, Poroderma pantherium had the highest
blood lactate concentration (6.1 mmolml−1) and the shortest mean air
exposure (51 s). It therefore appears that additional species-specific
research may be required to examine the impacts of air exposure on
elasmobranchs.

While these air exposure results were collected from a competition
where angler behaviour is dictated by specific rules designed to mini-
mise air exposure (such as the use of a C & R bucket), this is not normal
for other South African MSB competitive leagues or social angling.
Based on the mean values for total time, fight time, time into bucket
and air exposure, fish would spend an average time of 74.9 s (85.8 s for
teleosts and 57.5 s for elasmobranchs) in the bucket during each cap-
ture event, suggesting that the average air exposure times could in-
crease to around 3 min (180.1 s for teleosts and 171.5 s for elasmo-
branchs) without its use. In addition, extra care was potentially taken
by anglers due to the presence of the research teams, although fish-
ermen were simply told that the scientists were tagging fish and not
recording C & R related factors. Because of this, it is likely that these
findings represent the best case scenario for the general health and
survival of fishes in the MSB fishery.

With regard to angler behaviour, increased handling of fishes is also
a potential cause of reflex impairment and delayed mortality (Raby
et al., 2012). In this study, the ease of hook removal was shown to be a
significant predictor of RAMP score for teleost fishes. Generally, fish
that were subject to “difficult hook removals” were firmly gripped by
the angler during the removal process. This direct handling stress and
potential injury most likely led to higher levels of reflex impairment.

The mortality observed within the family Ariidae may have had a
similar cause as the family displayed the second highest proportion of
difficult hook removals (31.7%, Appendix A) as well as the highest
occurrence of throat hooking (24.4%, Appendix A) for any family with
a sample size greater than 4 fish. Cooke and Suski (2004) suggested that
fish handling time is longer when fish swallow the hook. This is sup-
ported by the fact that 68% of fishes that were throat-hooked in this
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study endured extended unhooking times when compared to less than
18% for any other hook placement. Although our analysis suggested
that total time (and not air exposure) was a good predictor of mortality
in this family, it is likely that the additional direct handling, used to
restrain fish during the lengthy unhooking process, may be an equally
harmful aspect of the C & R process. Furthermore, cautious angler be-
haviour (Arlinghaus et al., 2009) was noted for the majority of fish-
ermen when handling these fishes due to their venomous dorsal and
pectoral spines. Regardless of the drivers of mortality, the abundance
and sensitivity of these fishes to C & R makes them ideal indicators to
gauge the impact of different fishing techniques and handling practices.
While these fishes were not included in the blood sampling or RAMP
experiments due to their venomous dorsal and pectoral spines, the in-
clusion of these measurements is critical for future C & R research.

A number of changes to the experimental design may improve fu-
ture studies of this nature. The RAMP indicators that are traditionally
used for teleost fishes were applied to elasmobranchs in this study
which may have led to an underestimation of elasmobranch reflex
impairment. Overall 31.4% of all elasmobranchs were impaired for at
least one indicator compared with 83.9% for teleosts. This may suggest
that elasmobranchs are more resilient to the impacts of C & R in this
fishery. However, when “body flex” was excluded from the teleost
RAMP assessment, the percentage of teleosts that were impaired
(27.4%) was more similar to that of elasmobranchs (31.4%). In a
comparable study, Danylchuk et al. (2014) found reflex impairment in
32% of lemon sharks (Negaprion bevirostris) captured using conventional
recreational angling methods in the Bahamas. However, since they used
four predictors, including two (bite response, nictitating membrane
response) which were not included in this study, it is likely that reflex
impairment was less than the present study. Therefore future RAMP
assessments on fish captured in MSB environments should explore the
use of additional elasmobranch-specific indicators.

Although there was low immediate mortality in this study, the
short-term mortality estimates using the holding tanks may have been
unrealistic as they failed to integrate the challenges associated with the
nearshore marine environment. The greatest of these is predation. The
nearshore marine environment hosts a range of predators, including
teleosts (e.g. Argyrosomus japonicus, Pomatomus saltatrix and Lichia
amia), elasmobranchs (e.g. Carcharias taurus), birds (e.g. Larus domini-
canus) and even cephalopods (e.g. Octopus vulgaris). Several studies
have shown that increased levels of predation are likely for fishes that
are in sub-standard condition (Mesa, 1994) and stressed (Tester, 1963
in Hueter et al., 2004; Raby et al., 2014). Elasmobranch predators, in
particular, have had a major impact on post-release mortality in several
shallow-water marine C & R studies (Brownscombe et al., 2013; Cooke
and Philipp, 2004; Danylchuk et al., 2007).

Increased susceptibility of fishes to predation has been ascribed to a
failure to detect predators, lapses in decision making, poor burst speed
performance, an inability to shoal effectively and an increase in their
detectability to predators (Mesa, 1994). The results from this study
showed that at least two of these causal mechanisms may lead to in-
creased vulnerability of released fishes to predation in the nearshore
marine environment. The “body flex” and “tail grab” reflex indicators
typically test the escape response of fish from a predatory threat
(Brownscombe et al., 2015). These responses were frequently impaired
in this study (Table 3, Fig. 2). This is not unusual (see Brownscombe
et al., 2014, 2013; Davis, 2010; Raby et al., 2012) and suggests that the
predator escape response of these fishes could have been impaired
following their release. Although the recovery time for these indicators
was not assessed, the results from the survival ponds showed that this
impairment did not continue for longer than 24 h.

Several findings of this study have relevance to the improvement of
C & R practices for the MSB fisheries and for the RASSPL competitive
league. Blood glucose and lactate concentration as well as reflex im-
pairment was found to be most heavily impacted by the difficulty of
hook removal and increased fight time for teleost and elasmobranch

fishes, while deep hooking appeared to influence mortality in fishes
belonging to the family Ariidae. Although hook type, hook size, hook
placement and presence of a barb have been shown to influence hook
removal time and fish mortality rates (Bartholomew and Bohnsack,
2005; Brownscombe et al., 2015), there is relatively little information
on the impacts of direct handling stress on reflex impairment. Deep
hook removals, in particular, have been found to be an important
contributor to post-release fish mortality, mostly because of the close
proximity of the injury to vital organs (Bartholomew and Bohnsack,
2005; Brownscombe et al., 2015). Several studies have recommended
that cutting the line and leaving the hook embedded in the tissue re-
duces injury and improves survival (Brownscombe et al., 2015; Fobert
et al., 2009; Schisler and Bergersen, 1996). In this study, there was no
evidence of a hook, following the survival period, in the throats of the
two individuals (Sparadon durbanensis& Epinephelus marginatus) that
had been throat hooked (line cut), with the hooks seemingly ingested.
The use of circle hooks, which promote hook placements in the jaw
(and corner of the mouth in particular) would reduce deep hooking
rates and should be encouraged (Bartholomew and Bohnsack, 2005;
Cooke and Suski, 2005).

The use of C & R buckets is not a mandatory requirement in South
African MSB fisheries and it is unlikely that it will ever become one due
to the general resistance shown by anglers, who avoid carrying un-
necessary weight and clutter on their fishing outings, and the difficul-
ties associated with enforcement. However, even the mandatory use of
a C & R bucket will not necessarily reduce air exposure without good
angler awareness. Therefore, education drives that highlight best
practices (including the use of a C & R bucket) may be the best way to
improve the survival of released fishes.

The successful use of a competitive angling event to collect in-
formation on the health and survival of a range of species proved to be
cost-effective and efficient. The use of authentic angling events also
added realism compared with simulated experiments (Cooke et al.,
2013b). For single species tournaments, it is possible to collect robust
information on the health and survival of the species in question.
However, in multi-species competitions, such as this one, it is likely that
additional research will be required to obtain a sufficient amount of
data before robust single species analyses can be performed.

Besides the potential collection of species-specific data, this ap-
proach provided a method to test the efficacy of the tournament rules in
optimising the health and survival of released fishes. The data collected
during this study can serve as a baseline for further studies that assess
the efficacy of rule changes using a Before After Control Impact (BACI)
design. Thus, by entering into collaborative projects with competitive
angling bodies, researchers can adopt a scientifically robust approach to
inform changes in tournament rules to improve the health and survival
of fishes.

Other than informing changes in competition rules, cooperative
research projects with angling communities have been shown to lead to
the education of anglers and the promotion of voluntary resource
conservation through C & R practices outside of tournaments (Cooke
et al., 2013a). Improvements in the C & R behaviour by the best com-
petitive anglers should, in turn, lead to improvements in the overall
behaviour of recreational anglers as they tend to imitate the behaviours
of the most successful anglers. However, a better understanding of the
behavioural dynamics of recreational anglers is required to quantify the
success of this potential mechanism (Arlinghaus et al., 2013).
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Appendix A

ALL FISH

Length (cm) Fight Time (s)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All Species 44.6 ± 17.9 [10–159] (206) 67.7 ± 59.6 [10–451] (219)
Elasmobranchs 58.1 ± 16.6 [35–159] (77) 79.1 ± 80.0 [18–451] (83)

Dasyatidae Dasyatis chrysonata 68.0 (1) –
Myliobatidae Pteromylaeus bovinus 70.0 (1) 273.0 (1)
Rhinobatidae Rhinobatos annulatus 60.1 ± 13.5 [37–86] (13) 92.4 ± 95.2 [21–420] (16)
Scyliorhinidae 54.1 ± 12.0 [35–107] (44) 61.1 ± 30.1 [18–165] (47)

Haploblepharus fuscus 52.3 ± 9.1 [35–70] (38) 57.9 ± 29.2 [18–165] (41)
Poroderma pantherinum 57.2 ± 7.0 [49–65] (5) 76.2 ± 25.1 [46–106] (5)
Poroderma africanum 107.0 (1) 120.0 (1)

Triakidae Triakis megalopterus 65.1 ± 24.9 [47–159] (18) 102.2 ± 124.9 [27–451] (19)
Teleosts 36.5 ± 13.4 [10–77] (129) 60.7 ± 41.6 [10–319] (136)

Ariidae Galeichthys feliceps 30.1 ± 6.3 [20–45] (25) 60.5 ± 38.1 [15–180] (43)
Clinidae 17.0 (1) 20.0 (1)
Dichistiidae Dichistius capensis 35.5 (1) 39.0 (1)
Haemulidae Pomadasys commersonnii 39.0 ± 8.1 [31–47] (4) 46.8 ± 16.8 [25–60] (4)
Plotosidae Plotosus limbatus 61.0 (1) 100.0 (1)
Sciaenidae 51.8 ± 9.7 [32–74] (29) 67.7 ± 30.5 [22–123] (27)

Argyrosomus japonicus 52.9 ± 9.0 [37–74] (27) 69.4 ± 30.3 [32–123] (25)
Umbrina robinsoni 37.0 ± 7.1 [32–42] (2) 46.0 ± 33.9 [22–70] (2)

Serranidae Epinephelus marginatus 34.0 (1) 60.0 (1)
Sparidae 32.5 ± 11.5 [21–77] (66) 59.1 ± 49.8 [10–319] (58)

Cymatoceps nasutus 27.8 ± 4.1 [24–33] (4) 64.0 ± 10.2 [55–75] (3)
Diplodus sargus capensis 26.9 ± 3.7 [21–35] (26) 51.8 ± 40.8 [10–204] (26)
Diplodus cervinus 28.3 ± 6.4 [23–39] (5) 59.5 ± 31.8 [37–82] (2)
Lithognathus lithognathus 53.7 ± 16.7 [33–77] (9) 105.3 ± 93.8 [29–319] (9)
Pachymetopon grande 34.8 ± 4.8 [27–45] (14) 43.5 ± 16.7 [24–80] (13)
Rhabdosargus holubi 27.0 ± 4.6 [23–35] (5) 56.3 ± 6.8 [50–65] (4)
Sparodon durbanensis 29.0 ± 4.4 [24–33] (3) 30.0 (1)

Tetraodontidae Amblyrhynchotes honckenii 10.0 (1) –

ALL FISH

Time in Bucket (s) Total Time (s)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All Species 47.8 ± 58.5 [0−647] (189) 292.3 ± 130.6 [44–953] (170)
Elasmobranchs 49.1 ± 42.1 [0−229] (72) 299.7 ± 125.6 [44–730] (64)

Dasyatidae Dasyatis chrysonata – –
Myliobatidae Pteromylaeus bovinus – 457.0 (1)
Rhinobatidae Rhinobatos annulatus 47.0 ± 34.5 [4–136] (13) 351.7 ± 165.4 [80–660] (13)
Scyliorhinidae 44.3 ± 40.1 [0−229] (44) 261.3 ± 92.9 [44–452] (33)

Haploblepharus fuscus 48.0 ± 41.8 [5–229] (38) 270.3 ± 89.6 [44–452] (28)
Poroderma pantherinum 21.2 ± 12.8 [0−34] (6) 247.0 ± 78.5 [140–316] (4)
Poroderma africanum – –

Triakidae Triakis megalopterus 65.1 ± 51.7 [9–216] (15) 309.4 ± 85.9 [92–395] (17)
Teleosts 47.0 ± 66.8 [0−647] (117) 287.8 ± 134.0 [48–953] (106)

Ariidae Galeichthys feliceps 50.8 ± 43.2 [5–200] (29) 240.5 ± 138.4 [48–646] (26)
Clinidae – –
Dichistiidae Dichistius capensis 23.0 (1) 185.0 (1)
Haemulidae Pomadasys commersonnii 53.8 ± 19.3 [25–65] (4) 451.0 ± 21.2 [436–466] (2)
Plotosidae Plotosus limbatus 20.0 (1) 110.0 (1)
Sciaenidae 29.5 ± 19.8 [4–86] (25) 315.0 ± 107.5 [141–603] (24)

Argyrosomus japonicus 29.9 ± 20.6 [4–86] (23) 324.2 ± 105.3 [175–603] (22)
Umbrina robinsoni 24.5 ± 6.4 [20–29] (2) 214.0 ± 103.2 [141–287] (2)
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Serranidae Epinephelus marginatus 60.0 (1) –
Sparidae 53.1 ± 89.7 [0−647] (56) 295.4 ± 139.9 [110–953] (52)

Cymatoceps nasutus 19.8 ± 21.1 [0−45] (4) 319.7 ± 60.6 [250–360] (3)
Diplodus sargus capensis 45.1 ± 48.7 [0−150] (22) 248.9 ± 76.8 [120–386] (20)
Diplodus cervinus 66.0 ± 45.7 [14–100] (3) 408.7 ± 208.3 [215–629] (3)
Lithognathus lithognathus 57.8 ± 31.4 [11–111] (9) 358.6 ± 94.0 [254–526] (8)
Pachymetopon grande 80.5 ± 173.0 [5–647] (13) 307.9 ± 213.6 [150–953] (12)
Rhabdosargus holubi 27.8 ± 19.6 [5–52] (4) 317.8 ± 154.9 [210–546] (4)
Sparodon durbanensis 28 (1) 181.0 ± 100.4 [110–252] (2)

Tetraodontidae Amblyrhynchotes honckenii – –

ALL FISH

Air Exposure (s) Distance from Bucket (m)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All Species 101.9 ± 64.3 [5–410] (223) 34.7 ± 34.6 [2–250] (204)
Elasmobranchs 114.0 ± 73.1 [10–410] (86) 38.7 ± 40.3 [2–250] (80)

Dasyatidae Dasyatis chrysonata 360.0 (1) –
Myliobatidae Pteromylaeus bovinus 410.0 (1) –
Rhinobatidae Rhinobatos annulatus 115.3 ± 77.9 [10–289] (16) 36.0 ± 24.3 [2–80] (15)
Scyliorhinidae 100.6 ± 59.8 [12–297] (49) 40.7 ± 46.6 [4–250] (46)

Haploblepharus fuscus 99.6 ± 55.0 [12–242] (43) 44.0 ± 48.9 [5–250] (40)
Poroderma pantherinum 70.2 ± 19.6 [48–94] (5) 21.0 ± 10.3 [5–30] (5)
Poroderma africanum 297.0 (1) 4.0 (1)

Triakidae Triakis megalopterus 119.2 ± 43.8 [54–193] (19) 36.1 ± 34.9 [5–150] (19)
Teleosts 94.3 ± 57.1 [5–301] (137) 32.0 ± 30.2 [2–150] (124)

Ariidae Galeichthys feliceps 83.7 ± 55.6 [16–200] (37) 28.7 ± 8.9 [2–150] (34)
Clinidae 5.0 (1) 5.0 (1)
Dichistiidae Dichistius capensis 43 (1) 15.0 (1)
Haemulidae Pomadasys commersonnii 196.0 ± 77.1 [120–301] (4) 52.5 ± 35.9 [20–100] (4)
Plotosidae Plotosus limbatus 56.0 (1) 30.0 (1)
Sciaenidae 82.6 ± 28.9 [31–136] (28) 23.9 ± 16.2 [3–60] (24)

Argyrosomus japonicus 83.8 ± 29.6 [31–136] (26) 24.5 ± 16.7 [3–60] (22)
Umbrina robinsoni 67.0 ± 5.7 [63–71] (2) 17.5 ± 10.6 [10–25] (2)

Serranidae Epinephelus marginatus 170.0 (1) 150.0 (1)
Sparidae 100.9 ± 59.4 [6–278] (64) 34.9 ± 31.3 [5–150] (58)

Cymatoceps nasutus 115.3 ± 62.3 [65–185] (3) 30.0 ± 20.0 [10–50] (3)
Diplodus sargus capensis 88.2 ± 50.5 [25–246] (27) 31.8 ± 22.4 [5–100] (25)
Diplodus cervinus 124.8 ± 72.9 [40–199] (4) 16.7 ± 5.8 [10–20] (3)
Lithognathus lithognathus 150.7 ± 84.5 [63–278] (9) 36.3 ± 30.1 [10–100] (8)
Pachymetopon grande 79.6 ± 42.8 [6–156] (14) 40.4 ± 41.6 [5–115] (12)
Rhabdosargus holubi 145.3 ± 33.9 [98–180] (4) 32.0 ± 22.9 [8–60] (4)
Sparodon durbanensis 72.7 ± 49.1 [22–120] (3) 58.7 ± 79.2 [10–150] (3)

Tetraodontidae Amblyrhynchotes honckenii – –

ALL FISH

Hook Removal (% > 20 s) % Throat Hooked Bleeding (ranking 0–3)
(n) (n) score 0:1:2:3 (n)

All Species 22.1 (222) 10.7 (242) 166:41:15:5 (227)
Elasmobranchs 25.6 (86) 10.9 (92) 67:13:7:1 (88)

Dasyatidae Dasyatis chrysonata 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Myliobatidae Pteromylaeus bovinus 100.0 (1) – 1:0:0:0 (1)
Rhinobatidae Rhinobatos annulatus 13.3 (15) 6.3 (16) 10:3:2:0 (15)
Scyliorhinidae 34.0 (50) 16.7 (54) 36:9:5:1 (51)

Haploblepharus fuscus 34.1 (44) 17.0 (47) 32:8:4:1 (45)
Poroderma pantherinum 20.0 (5) 16.7 (6) 4:1:0:0 (5)
Poroderma africanum 100.0 (1) 0.0 (1) 0:0:1:0 (1)

Triakidae Triakis megalopterus 10.5 (19) 0.0 (20) 19:1:0:0 (20)
Teleosts 19.9 (136) 10.7 (150) 99:28:8:4 (139)

Ariidae Galeichthys feliceps 31.7 (41) 24.4 (45) 29:7:4:2 (42)
Clinidae 0.0 (1) 0.0 (1) 0:0:1:0 (1)
Dichistiidae Dichistius capensis 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Haemulidae Pomadasys commersonnii 0.0 (4) 25.0 (4) 3:1:0:0 (4)
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Plotosidae Plotosus limbatus 0.0 (1) 100.0 (1) 1:0:0:0 (1)
Sciaenidae 19.2 (26) 3.4 (29) 24:3:0:0 (27)

Argyrosomus japonicus 20.8 (24) 3.7 (27) 22:3:0:0 (25)
Umbrina robinsoni 0.0 (2) 0.0 (2) 2:0:0:0 (2)

Serranidae Epinephelus marginatus 100.0 (1) 100.0 (1) 1:0:0:0 (1)
Sparidae 11.5 (61) 3.0 (67) 40:17:3:2 (62)

Cymatoceps nasutus 0.0 (4) 0.0 (4) 4:0:0:0 (4)
Diplodus sargus capensis 7.7 (26) 0.0 (27) 15:9:1:0 (25)
Diplodus cervinus 0.0 (3) 0.0 (5) 1:2:0:0 (3)
Lithognathus lithognathus 25.0 (8) 11.1 (9) 4:2:1:2 (9)
Pachymetopon grande 14.3 (14) 0.0 (14) 10:3:1:0 (14)
Rhabdosargus holubi 0.0 (4) 0.0 (5) 4:0:0:0 (4)
Sparodon durbanensis 50.0 (2) 33.3 (3) 2:1:0:0 (3)

Tetraodontidae Amblyrhynchotes honckenii – – –

Appendix B

BLOOD

Length (cm) Fight Time (s) Time in Bucket (s)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All Species 45.5 ± 13.9 [21–70] (44) 59.0 ± 35.1 [18–204] (45) 51.1 ± 96.4 [0−647] (45)
Elasmobranchs 56.7 ± 9.0 [40–70] (17) 57.0 ± 32.5 [18–160] (20) 41.7 ± 28.3 [4–102] (19)
Rhinobatidae Rhinobatos annulatus 60.0 ± 7.1 [55–65] (2) 108.0 ± 73.5 [56–160] (2) 28.0 ± 33.9 [4–52] (2)
Scyliorhinidae 54.2 ± 8.9 [40–70] (11) 54.4 ± 25.0 [18–106] (14) 35.2 ± 24.7 [5–93] (13)

Haploblepharus fuscus 54.1 ± 9.3 [40–70] (10) 49.5 ± 21.6 [18–90] (12) 37.5 ± 26.4 [5–93] (11)
Poroderma pantherinum 55.0 (1) 84.0 ± 31.1 [62–106] (2) 23.0 ± 1.4 [22–24] (2)

Triakidae Triakis megalopterus 62.0 ± 9.3 [53–70] (4) 40.5 ± 6.1 [32–45] (4) 69.5 ± 25.5 [40–102] (4)
Teleosts 38.4 ± 11.7 [21–61] (27) 60.7 ± 37.6 [22–204] (25) 58.0 ± 125.1 [0−647] (26)
Haemulidae Pomadasys commersonnii 31.0 (1) 25.0 (1) 25.0 (1)
Plotosidae Plotosus limbatus 61.0 (1) 100.0 (1) 20.0 (1)
Sciaenidae 47.0 ± 7.1 [32–58] (10) 51.5 ± 16.7 [22–74] (10) 19.2 ± 8.1 [4–33] (10)

Argyrosomus japonicus 49.5 ± 4.6 [42–58] (8) 52.9 ± 13.5 [34–74] (8) 17.9 ± 8.3 [4–33] (8)
Umbrina robinsoni 37.0 ± 7.1 [32–42] (2) 46.0 ± 33.9 [22–70] (2) 24.5 ± 6.4 [20–29] (2)

Sparidae 31.7 ± 8.9 [21–57] (15) 67.5 ± 47.7 [24–204] (13) 90.9 ± 166.0 [0−647] (14)
Cymatoceps nasutus 24.0 (1) – 0.0 (1)
Diplodus sargus capensis 26.6 ± 4.3 [21–33] (7) 78.5 ± 65.6 [30–204] (6) 48.5 ± 50.2 [0−140] (6)
Diplodus cervinus 28.5 (1) 82.0 (1) 100.0 (1)
Lithognasus lithognasus 57.0 (1) 90.0 (1) 75.0 (1)
Pachymetopon grande 36.0 ± 2.8 [34–40] (4) 45.5 ± 26.6 [24–80] (4) 196.0 ± 304.0 [6–647] (4)
Rhabdosargus holubi 35.0 (1) 52.0 (1) 22.0 (1)

BLOOD

Total Time (s) Air Exposure (s) Distance from Bucket (m)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All Species 308.4 ± 157.0 [135–953] (35) 95.0 ± 44.4 [6–199] (48) 29.2 ± 17.0 [2–65] (46)
Elasmobranchs 289.5 ± 80.0 [135–395] (13) 97.3 ± 46.4 [39–191] (21) 31.7 ± 16.4 [2–65] (19)
Rhinobatidae Rhinobatos annulatus 308.0 (1) 76.5 ± 47.4 [43–110] (2) 26.0 ± 33.9 [2–50] (2)
Scyliorhinidae 252.0 ± 76.6 [135–352] (8) 83.6 ± 36.5 [39–157] (15) 29.6 ± 14.2 [5–50] (13)

Haploblepharus fuscus 268.0 ± 66.7 [135–352] (7) 88.6 ± 36.7 [39–157] (13) 31.8 ± 13.3 [10–50] (11)
Poroderma pantherinum 140.0 (1) 51.0 ± 4.2 [48–54] (2) 17.5 ± 17.7 [5–30] (2)

Triakidae Triakis megalopterus 359.8 ± 38.1 [316–395] (4) 159.3 ± 31.8 [118–191] (4) 41.3 ± 16.0 [30–65] (4)
Teleosts 319.5 ± 189.5 [141–953] (22) 93.3 ± 43.7 [6–199] (27) 27.5 ± 17.6 [3–65] (27)
Haemulidae Pomadasys commersonnii – 164.0 (1) 30.0 (1)
Plotosidae Plotosus limbatus 110.0 (1) 56.0 (1) 30.0 (1)
Sciaenidae 297.1 ± 139.2 [141–603] (8) 71.9 ± 20.2 [34–111] (10) 21.3 ± 14.4 [3–50] (10)

Argyrosomus japonicus 324.8 ± 146.0 [175–603] (6) 73.1 ± 22.6 [34–111] (8) 22.3 ± 15.7 [3–50] (8)
Umbrina robinsoni 214.0 ± 103.2 [141–287] (2) 67.0 ± 5.7 [63–71] (2) 17.5 ± 10.6 [10–25] (2)

Sparidae 341.8 ± 222.9 [150–953] (13) 105.3 ± 48.4 [6–199] (15) 31.3 ± 19.9 [5–65] (15)
Cymatoceps nasutus 360.0 (1) 65.0 (1) 50.0 (1)
Diplodus sargus capensis 289.2 ± 71.1 [209–386] (5) 114.4 ± 31.1 [60–145] (7) 24.3 ± 18.6 [5–60] (7)
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Diplodus cervinus 629.0 (1) 199.0 (1) 10.0 (1)
Lithognasus lithognasus 331.0 (1) 86.0 (1) 30.0 (1)
Pachymetopon grande 366.8 ± 391.3 [150–953] (4) 75.0 ± 61.8 [6–156] (4) 42.5 ± 24.0 [10–65] (4)
Rhabdosargus holubi 210.0 (1) 128.0 (1) 40.0 (1)

BLOOD

Hook Removal (% > 20 s) % Throat Hooked Bleeding (ranking 0–3)
(n) (n) score 0:1:2:3 (n)

All Species 10.4 (48) 6.4 (47) 30:16:1:0 (47)
Elasmobranchs 19.0 (21) 9.5 (21) 13:6:1:0 (20)
Rhinobatidae Rhinobatos annulatus 0.0 (2) 0.0 (2) 0:2:0:0 (2)
Scyliorhinidae 26.7 (15) 0.0 (15) 10:3:1:0 (14)

Haploblepharus fuscus 30.8 (13) 7.7 (13) 9:2:1:0 (12)
Poroderma pantherinum 0.0 (2) 50.0 (2) 1:1:0:0 (2)

Triakidae Triakis megalopterus 0.0 (4) 0.0 (4) 3:1:0:0 (4)
Teleosts 3.7 (27) 3.8 (26) 17:10:0:0 (27)
Haemulidae Pomadasys commersonnii 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Plotosidae Plotosus limbatus 0.0 (1) 100.0 (1) 1:0:0:0 (1)
Sciaenidae 0.0 (10) 10.0 (10) 8:2:0:0 (10)

Argyrosomus japonicus 0.0 (8) 12.5 (8) 6:2:0:0 (8)
Umbrina robinsoni 0.0 (2) 0.0 (2) 2:0:0:0 (2)

Sparidae 0.0 (15) 0.0 (14) 7:8:0:0 (15)
Cymatoceps nasutus 0.0 (1) – 1:0:0:0 (1)
Diplodus sargus capensis 0.0 (7) 0.0 (7) 2:5:0:0 (7)
Diplodus cervinus 0.0 (1) – 0:1:0:0 (1)
Lithognasus lithognasus 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Pachymetopon grande 0.0 (4) 0.0 (4) 2:2:0:0 (4)
Rhabdosargus holubi 0.0 (1) 0.0 (1) 1:0:0:0 (1)

Appendix C

RAMP

Length (cm) Fight Time (s) Time in Bucket (s)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All species 45.3 ± 15.5 [10–86] (106) 68.6 ± 62.0 [10–420] (100) 46.6 ± 43.0 [0−229] (91)
Elasmobranchs 55.1 ± 11.0 [35–86] (48) 82.1 ± 81.6 [19–420] (46) 54.5 ± 50.7 [0−229] (42)
Rhinobatidae Rhinobatos annulatus 59.8 ± 15.3 [37–86] (10) 104.7 ± 115.3 [30–420] (10) 52.0 ± 40.3 [12–136] (8)
Scyliorhinidae 51.3 ± 8.3 [35–65] (26) 63.5 ± 31.5 [19–165] (23) 51.1 ± 51.1 [0−229] (23)

Haploblepharus fuscus 50.1 ± 8.0 [35–63] (22) 62.4 ± 32.6 [19–165] (20) 57.6 ± 53.8 [10–229] (19)
Poroderma pantherinum 57.8 ± 8.0 [49–65] (4) 71.0 ± 26.1 [46–98] (3) 20.3 ± 16.3 [0−34] (4)

Triakidae Triakis megalopterus 59.3 ± 9.5 [47–84] (12) 97.5 ± 108.7 [27–420] (13) 63.5 ± 59.5 [9–216] (11)
Teleosts 37.2 ± 14.1 [10–74] (58) 57.1 ± 35.3 [10–196] (54) 39.9 ± 34.2 [5–150] (49)
Ariidae Galeichthys feliceps – 41.3 ± 9.9 [30–48] (3) 56.7 ± 45.1 [10–100] (3)
Clinidae 17.0 (1) 20.0 (1) –
Dichistiidae Dichistius capensis 35.5 (1) 39.0 (1) 23.0 (1)
Haemulidae Pomadasys commersonnii 46.0 ± 0.7 [46–47] (2) 51.0 ± 12.7 [42–60] (2) 62.5 ± 3.5 [60–65] (2)
Sciaenidae Argyrosomus japonicus 55.1 ± 10.5 [37–74] (15) 80.8 ± 37.3 [32–123] (13) 34.1 ± 19.9 [13–86] (11)
Sparidae 30.9 ± 7.6 [21–55] (38) 51.5 ± 33.9 [10–196] (34) 39.4 ± 38.4 [5–150] (32)

Cymatoceps nasutus 29.0 (1) 62.0 (1) 29.0 (1)
Diplodus sargus capensis 27.2 ± 3.8 [21–35] (15) 45.3 ± 28.5 [10–140] (16) 48.8 ± 54.2 [5–150] (13)
Diplodus cervinus 30.0 ± 7.9 [24–39] (3) 37.0 (1) 49.0 ± 49.5 [14–84] (2)
Lithognathus lithognathus 41.9 ± 10.1 [33–55] (5) 87.8 ± 63.0 [32–196] (5) 43.0 ± 27.6 [11–78] (5)
Pachymetopon grande 35.2 ± 5.7 [27–45] (8) 40.6 ± 12.0 [30–65] (7) 24.0 ± 6.7 [16–31] (7)
Rhabdosargus holubi 25.0 ± 1.4 [23–26] (4) 57.7 ± 7.5 [50–65] (3) 29.7 ± 23.6 [5–52] (3)
Sparodon durbanensis 28.3 ± 6.0 [24–33] (2) 30.0 (1) 28.0 (1)

Tetraodontidae Amblyrhynchotes honckenii 10.0 (1) – –

RAMP

Total Time (s) Air Exposure (s) Distance from Bucket (m)
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mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All species 302.8 ± 106.9 [92–660] (97) 102.3 ± 57.2 [5–301] (107) 36.3 ± 38.7 [5–250] (99)
Elasmobranchs 313.8 ± 111.2 [92–660] (44) 113.9 ± 60.3 [16–289] (49) 45.7 ± 49.8 [5–250] (46)
Rhinobatidae Rhinobatos annulatus 402.2 ± 145.8 [210–660] (10) 148.6 ± 75.5 [53–289] (10) 38.8 ± 25.3 [8–80] (10)
Scyliorhinidae 284.1 ± 81.0 [150–452] (22) 105.5 ± 59.6 [16–242] (26) 53.1 ± 59.8 [5–250] (24)

Haploblepharus fuscus 284.3 ± 86.5 [150–452] (19) 108.5 ± 62.8 [16–242] (23) 57.4 ± 62.9 [5–250] (21)
Poroderma pantherinum 282.7 ± 40.2 [238–316] (3) 83.0 ± 12.1 [70–94] (3) 23.3 ± 5.8 [20–30] (3)

Triakidae Triakis megalopterus 294.4 ± 95.5 [92–395] (12) 103.8 ± 40.1 [54–193] (13) 36.7 ± 43.4 [5–150] (12)
Teleosts 293.8 ± 103.3 [110–569] (53) 92.6 ± 53.1 [5–301] (58) 28.1 ± 23.2 [5–100] (53)
Ariidae Galeichthys feliceps 199.0 ± 73.1 [150–283] (3) 75.7 ± 30.0 [46–106] (3) 10.0 ± 0.0 [10−10] (2)
Clinidae – 5.0 (1) 5.0 (1)
Dichistiidae Dichistius capensis 185.0 (1) 43.0 (1) 15.0 (1)
Haemulidae Pomadasys commersonnii 451.0 ± 21.2 [436–466] (2) 250.0 ± 72.1 [199–301] (2) 80.0 ± 28.3 [60–100] (2)
Sciaenidae Argyrosomus japonicus 329.1 ± 101.4 [180–569] (13) 87.7 ± 29.2 [41–126] (14) 21.7 ± 15.0 [5–50] (12)
Sparidae 281.4 ± 98.1 [110–546] (34) 91.0 ± 47.6 [21–246] (37) 29.4 ± 22.6 [5–100] (35)

Cymatoceps nasutus 349.0 (1) 96.0 (1) 10.0 (1)
Diplodus sargus capensis 243.6 ± 71.6 [123–370] (14) 89.4 ± 54.8 [25–246] (16) 37.0 ± 25.1 [10–100] (15)
Diplodus cervinus 298.5 ± 118.1 [215–382] (2) 105.0 ± 91.9 [40–170] (2) 20.0 ± 0.0 [20−20] (2)
Lithognathus lithognathus 363.2 ± 117.5 [254–526] (5) 99.8 ± 33.7 [63–136] (5) 29.0 ± 19.5 [10–60] (5)
Pachymetopon grande 281.9 ± 59.2 [162–351] (7) 77.5 ± 29.6 [21–109] (8) 23.6 ± 23.6 [5–70] (7)
Rhabdosargus holubi 353.7 ± 168.1 [235–546] (3) 137.7 ± 41.1 [98–180] (3) 29.3 ± 27.2 [8–60] (3)
Sparodon durbanensis 181.0 ± 100.4 [110–252] (2) 49.0 ± 38.2 [22–76] (2) 13.0 ± 4.2 [10–16] (2)

Tetraodontidae Amblyrhynchotes honckenii – – –

RAMP

Hook Removal (% > 20 s) % Throat Hooked Bleeding (ranking 0–3)
(n) (n) score 0:1:2:3 (n)

All species 22.6 (106) 8.0 (113) 79:17:9:2 (107)
Elasmobranchs 24.5 (49) 11.8 (51) 39:6:4:1 (50)
Rhinobatidae Rhinobatos annulatus 20.0 (10) 10.0 (10) 8:1:1:0 (10)
Scyliorhinidae 30.8 (26) 17.9 (28) 18:5:3:1 (27)

Haploblepharus fuscus 30.4 (23) 20.8 (24) 15:5:3:1 (24)
Poroderma pantherinum 33.3 (3) 0.0 (4) 3:0:0:0 (3)

Triakidae Triakis megalopterus 15.4 (13) 0.0 (13) 13:0:0:0 (13)
Teleosts 21.1 (57) 4.8 (62) 40:11:5:1 (57)
Ariidae Galeichthys feliceps 66.7 (3) 33.3 (3) 1:0:1:1 (3)
Clinidae 0.0 (1) 0.0 (1) 0:0:1:0 (1)
Dichistiidae Dichistius capensis 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Haemulidae Pomadasys commersonnii 0.0 (2) 50.0 (2) 1:1:0:0 (2)
Sciaenidae Argyrosomus japonicus 30.8 (13) 0.0 (15) 12:1:0:0 (13)
Sparidae 16.2 (37) 2.6 (39) 25:9:3:0 (37)

Cymatoceps nasutus 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Diplodus sargus capensis 12.5 (16) 0.0 (16) 11:4:1:0 (16)
Diplodus cervinus 0.0 (2) 0.0 (3) 1:1:0:0 (2)
Lithognathus lithognathus 20.0 (5) 20.0 (5) 2:2:1:0 (5)
Pachymetopon grande 25.0 (8) 0.0 (8) 6:1:1:0 (8)
Rhabdosargus holubi 0.0 (3) 0.0 (4) 3:0:0:0 (3)
Sparodon durbanensis 50.0 (2) 0.0 (2) 1:1:0:0 (2)

Tetraodontidae Amblyrhynchotes honckenii – – –

Appendix D

SURVIVAL PONDS

Length (cm) Fight Time (s)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All species 45.8 ± 31.7 [20–159] (24) 75.7 ± 79.2 [10–451] (27)
Elasmobranchs 79.7 ± 35.6 [57–159] (8) 119.9 ± 127.8 [30–451] (9)
Rhinobatidae Rhinobatos annulatus 63.0 (1) 90.0 (1)
Scyliorhinidae 69.3 ± 18.7 [57–107] (6) 76.9 ± 34.8 [30–120] (7)
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Haploblepharus fuscus 61.8 ± 3.7 [57–66] (5) 69.7 ± 31.9 [30–120] (6)
Poroderma africanum 107.0 (1) 120.0 (1)

Triakidae Triakis megalopterus 158.5 (1) 451.0 (1)
Teleosts 28.8 ± 4.9 [20–40] (16) 53.6 ± 18.8 [10–90] (18)
Ariidae Galeichthys feliceps 27.1 ± 4.4 [20–32] (8) 59.2 ± 19.4 [20–90] (13)
Haemulidae Pomadasys commersonnii 33.0 (1) 60.0 (1)
Sciaenidae Argyrosomus japonicus 40.0 (1) 60.0 (1)
Sparidae 27.5 ± 2.7 [23–31] (5) 35.0 ± 25.0 [10–60] (3)

Diplodus sargus capensis 28.0 ± 0.0 [28−28] (2) 22.5 ± 17.7 [10–35] (2)
Diplodus cervinus 23.0 (1) –
Pachymetopon grande 28.0 (1) 60.0 (1)
Sparodon durbanensis 30.5 (1) –

SURVIVAL PONDS

Time in Bucket (s) Total Time (s)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All species 48.1 ± 18.7 [20–90] (19) 120.0 (1)
Elasmobranchs 49.9 ± 15.5 [30–70] (7) –
Rhinobatidae Rhinobatos annulatus 70.0 (1) –
Scyliorhinidae 46.5 ± 13.9 [30–60] (6) –

Haploblepharus fuscus 46.5 ± 13.9 [30–60] (6) –
Poroderma africanum – –

Triakidae Triakis megalopterus – –
Teleosts 47.1 ± 20.9 [20–90] (12) 120.0 (1)
Ariidae Galeichthys feliceps 36.6 ± 18.9 [5–57] (13) 315.0 ± 74.9 [233–456] (13)
Haemulidae Pomadasys commersonnii 65.0 (1) –
Sciaenidae Argyrosomus japonicus 60.0 (1) –
Sparidae 47.7 ± 37.2 [20–90] (3) 120.0 (1)

Diplodus sargus capensis 26.5 ± 9.2 [20–33] (2) 120.0 (1)
Diplodus cervinus – –
Pachymetopon grande 90.0 (1) –
Sparodon durbanensis – –

SURVIVAL PONDS

Air Exposure (s) Distance from Bucket (m)
mean ± SD [min.-max.] (n) mean ± SD [min.-max.] (n)

All species 107.0 ± 66.3 [23–297] (22) 33.2 ± 44.9 [2–150] (26)
Elasmobranchs 151.9 ± 75.0 [48–297] (7) 20.0 ± 17.3 [4–60] (10)
Rhinobatidae Rhinobatos annulatus 118.0 (1) 60.0 (1)
Scyliorhinidae 155.0 ± 89.7 [48–297] (5) 12.9 ± 10.4 [4–30] (7)

Haploblepharus fuscus 119.5 ± 48.3 [48–154] (4) 14.3 ± 10.5 [5–30] (6)
Poroderma africanum 297.0 (1) 4.0 (1)

Triakidae Triakis megalopterus 170.0 (1) 25.0 ± 7.1 [20–30] (2)
Teleosts 86.1 ± 52.0 [23–173] (15) 41.4 ± 54.8 [2–150] (16)
Ariidae Galeichthys feliceps 77.6 ± 45.9 [23–173] (13) 12.2 ± 8.9 [2–30] (11)
Haemulidae Pomadasys commersonnii 120.0 (1) 20.0 (1)
Sciaenidae Argyrosomus japonicus 90.0 (1) 40.0 (1)
Sparidae 84.2 ± 53.4 [28–150] (5) 106.7 ± 75.1 [20–150] (3)

Diplodus sargus capensis 30.5 ± 3.5 [28–33] (2) 20.0 (1)
Diplodus cervinus 90.0 (1) –
Pachymetopon grande 150.0 (1) 150.0 (1)
Sparodon durbanensis 120.0 (1) 150.0 (1)

SURVIVAL PONDS

Hook Removal (% > 20 s) % Throat Hooked Bleeding (ranking 0–3)
(n) (n) score 0:1:2:3 (n)

All species 37.5 (24) 17.4 (23) 21:4:3:0 (28)
Elasmobranchs 55.6 (9) 10.0 (10) 8:1:1:0 (10)
Rhinobatidae Rhinobatos annulatus 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Scyliorhinidae 71.4 (7) 14.3 (7) 5:1:1:0 (7)
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Haploblepharus fuscus 66.7 (6) 16.7 (6) 5:1:0:0 (6)
Poroderma africanum 100.0 (1) 0.0 (1) 0:0:1:0 (1)

Triakidae Triakis megalopterus 0.0 (1) 0.0 (2) 2:0:0:0 (2)
Teleosts 26.7 (15) 23.1 (13) 13:3:2:0 (18)
Ariidae Galeichthys feliceps 33.3 (12) 20.0 (10) 7:3:2:0 (12)
Haemulidae Pomadasys commersonnii 0.0 (1) – 1:0:0:0 (1)
Sciaenidae Argyrosomus japonicus – – 1:0:0:0 (1)
Sparidae 0.0 (2) 33.3 (3) 3:0:0:0 (3)

Diplodus sargus capensis 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Diplodus cervinus – – –
Pachymetopon grande 0.0 (1) 0.0 (1) 1:0:0:0 (1)
Sparodon durbanensis – 100.0 (1) 1:0:0:0 (1)
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