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Abstract15

Millions of ornamental fishes undergo transport every year during which they experience high levels16

of stress and prolonged recovery. Studies aiming to refine welfare during transport have generally17

focused on maintaining water quality to minimise stress, with far less consideration of whether the18

addition of water conditioners containing herbal extracts to transport water could provide additional19

stress reduction beyond that obtained by maintaining good water quality. No study has previously20

tested this on a commercial scale. The aim of this study was to test the effect of Stress Coat®, a21

commercially-available water conditioner which contains Aloe vera, on fish health and behaviour22

during commercial transport. First, we tested the effect of the water conditioner on the behaviour of23

guppies (Poecilia reticulata) post-transport in a simulated transport in the laboratory (bags with Stress24

Coat® n=6, control bags: n=6). In a second experiment, we added water conditioner to the shipment25

water of variatus platy (Xiphophorus variatus) for regional transport from a UK wholesaler to UK26

retail stores (< 8 h transport time) (bags with Stress Coat® n=11, control bags: n=11). Finally, the27

water conditioner was added to the shipment water of variatus platy for international transport from a28

farm in South-East Asia to a UK wholesaler (> 30 h transport) (bags with Stress Coat® n=16, control29

bags: n=16) followed by a second transport by road to local retailers (< 9 h) with no addition of Stress30

Coat®. Behaviour was monitored following the simulated transport. Water quality, behaviour,31

mortality and visible injuries of fish post-transport were monitored following both the regional and32

international transports. The effects of the water conditioner were variable between studies, but33

overall it reduced levels of erratic swimming and reduced biting behaviours following the simulated34

and international transport. The water conditioner did not significantly affect water quality, mortality35

or visible injuries post-transport and mortality was low throughout. Overall, adding Stress Coat® to36

the transport water of ornamental fishes appears to improve behavioural indicators of welfare, in37

particular reducing the occurrence of erratic swimming and biting behaviours.38

39

Key words: ornamental fish, welfare, water conditioner, transport40
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Highlights:42

• The present study tested the effect of a water conditioner, Stress Coat®, on fish behaviour43

during simulated, regional and international commercial transports.44

• The water conditioner reduced biting behaviour post-transport for both simulated and45

international transports.46

• Exposure to the water conditioner both during a regional and international transport resulted47

in reduced erratic swimming behaviour on arrival at retail stores.48

• There was no detectable effect of the water conditioner on mortality or visible injuries.49

50

Funding: This work was supported by Mars Petcare, UK51

52
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53

54 1. Introduction

An estimated 2 billion live ornamental fishes are transported annually (Monticini, 2010). During55

packing, transport and recovery fishes can experience high levels of stress and their welfare can56

become compromised leading to reduced immune resistance (Portz et al., 2006; Sampaio and Freire,57

2016) and high mortality (estimated to range from < 5% for freshwater fishes to 80% for wild caught58

marine fishes) (Rubec and Cruz, 2005). Within the ornamental trade, sedation with anaesthetics is59

often used during transport to try to reduce stress experienced by fishes (Cupp et al., 2017; Harmon,60

2009; Lim et al., 2003), however, there is potential for chemical based anaesthetics to increase stress61

before reducing it (Ims, 2011; Readman et al., 2013, Souza 2019). Alternatively, a range of herbal62

extracts (essential oils and methanolic extracts) have been tested for their sedating properties in fishes63

and found to be effective in reducing transport-associated stress when added to the transport water64

(Vanderzwalmen et al., 2019). Clove oil (Syzygium aromaticum) and Lippia alba (common names65

include: bushy matgrass and pitiona) are the most studied extracts (Azambuja et al., 2011; Becker et66

al., 2012; Javahery et al., 2012). Clove oil is an effective fish sedative and has been found to lower67

primary and secondary physiological stress responses during transport (Becker et al., 2013; Inoue et68

al., 2005; Iversen et al., 2009). However, prolonged exposure (48 h) was found to have a narrow69

safety margin in the cichlid Haplochromis obliquidens (Kaiser et al., 2006). Lippia alba has been70

found to reduce ion loss and improve redox state following transport in silver catfish (Rhamdia71

quelen) (Azambuja et al., 2011; Becker et al., 2012) but its benefits are dose dependent as higher72

doses (>20 µl l-1) have been found to increase plasma cortisol and induce hepatic oxidative stress73

(Becker et al., 2016; Salbego et al., 2014). Due to the narrow safety margins of sedatives and the risks74

of an initial stress reaction to sedative compounds, non-sedating herbal-extracts could prove to be a75

more efficient alternative to reduce transport-associated stress.76

77
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Herbal extracts which do not have known sedative properties have also been tested for their78

ability to reduce stress during transport, either as dietary supplements or as water conditioners. For79

example, Aloe vera (also known as A. barbadensis) is a succulent plant that has been used for over80

2000 years for its therapeutic properties in humans (Christaki and Florou-Paneri, 2010; Radha and81

Laxmipriya, 2015). The leaf is composed of three layers: the rind, a layer of yellow sap, and the inner82

gel (Christaki and Florou-Paneri, 2010). The gel is composed of water (98.5-99.5%) and over 7583

compounds (Christaki and Florou-Paneri, 2010; Radha and Laxmipriya, 2015). These compounds84

include water-soluble and fat-soluble vitamins, minerals, enzymes, polysaccharides, phenolic85

compounds and organic acids (Choi and Chung, 2003; Hamman, 2008) thus the health benefits of A.86

vera are likely to be a result of various compounds working in synergy (Hamman, 2008; Radha and87

Laxmipriya, 2015). Aloe vera is commonly used in traditional human medicine to aid various ailments88

(Radha and Laxmipriya, 2015) and has also been researched for its potential benefits to aquaculture89

(Alishahi et al., 2010; Gabriel et al., 2015a, 2015b; Zanuzzo et al., 2015a). Most research on the90

effects of A. vera in fishes has focused on supplementing diets with A. vera extracts, with91

concentrations ranging between 1 and 40 g kg-1 of A. vera added to the diets of cultured fishes (e.g.92

common carp (Cyprinus carpio); steelhead trout (Oncorhynchus mykiss); tilapia (Oreochromis93

niloticus)) for 4-8 weeks (Alishahi et al., 2010; Gabriel et al., 2015b ; Zanuzzo et al., 2015a). The94

majority of these studies have focussed on potential benefits for haemato-biochemical parameters and95

immune response following a bacterial challenge. Overall, supplementing diets with A. vera results in96

improved haemato-biochemical parameters, such as an increase in serum lysozyme activity, red blood97

cells, hematocrit, haemoglobin, white blood cells, lower basal plasma cortisol rate, serum98

triacylglycerol and enhanced antioxidant enzymes activities (Alishahi et al., 2010; Gabriel et al.,99

2015a, 2015b; Zanuzzo et al., 2015a).100

Water conditioners containing either pure herbal extracts or extracts combined with other101

products are commercially available and may have the potential to reduce transport-associated stress102

in ornamental fishes. One example is Stress Coat® which is sold under the API brand name,103

manufactured by Mars Fishcare, North America, Inc. and contains 1-10% A. vera (reported as A.104
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barbadensis on the material safety data sheet). Other constituents include water (>80%) and other105

non-hazardous ingredients (trade protected) (1-10%) (Mars Fishcare Inc., 2014). This water106

conditioner has been developed to reduce the effects of potentially stressful procedures such as107

routine husbandry practices (e.g. handling, water changes) and transport by removing harmful108

chemicals from the water, promoting healing of surface wounds, and restoring lost mucus. While the109

use of Stress Coat® is mentioned in the literature as part of routine husbandry practice (Colburn et al.,110

2008; Earley et al., 2006; Harnish et al., 2011; Wong et al., 2015), no published peer-reviewed study111

has been found testing the effect of Stress Coat® on fishes. The aim of this study was to test the112

potential benefits of adding Stress Coat® to transport water of ornamental fishes. Firstly, the effects of113

the water conditioner during a simulated transport study using guppies (Poecilia reticulata) in the114

laboratory were investigated, followed by two studies testing the effects of the water conditioner on115

variatus platy (Xiphophorus variatus) during commercial transport. For this, Stress Coat® was added116

to either the regional (< 9 h) or international (>30 h) component of a commercial transport. Our117

hypothesis was that the addition of the water conditioner to transport water would reduce stress-118

related behaviours following transport and potentially improve fish health and welfare.119

120

2. Methods121

Simulated Laboratory Transport122

Adult guppies (Poecilia reticulata; mixed sex; ~ 2.9 and 4.3 cm in length for males and females123

respectively) from an existing laboratory stock (originally obtained from a home aquarium supplier in124

the greater Glasgow area) at the University of the West of Scotland were quarantined for two weeks125

and then held in groups of nine, in six 10 l glass tanks with environmental enrichment, on a126

recirculating system with charcoal, biological and UV filtration (temperature: 23.5±0.02°C; pH:127

7.17±0.03; dissolved oxygen: 7.47±0.03 mg l-1; mean±SEM). Fish were held in the laboratory for 10128

weeks prior to experiments on a 12 h light: dark photoperiod and fed to satiation daily on a pellet diet129

(API Tropical mini pettets, Mars Fishcare, UK). Partial water changes were made to the recirculating130
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system on a weekly basis, and throughout ammonia, nitrate and nitrite concentrations remained <131

0.25, 5 and 0.25 mg l-1 respectively.132

Following the 10 week acclimation period, guppies were subjected to a 1 h transport stress.133

Fish were transported in groups of three in transparent polyethylene bags (15.2 x 22.9 cm) containing134

150 ml of water from the recirculating system. One bag of three fish from each tank was treated with135

Stress Coat® and one bag of three fish from each tank was kept as a control (n=6 bags per treatment).136

The other three fish in the tank were not used in this study. The concentration of Stress Coat® used137

was 260 µl l-1, which is the maximum recommended concentration to ‘replace slime coat and repair138

damage to skin and fins’. Bags were sealed with air in the space at the top of the bag and placed into a139

polystyrene box with a lid (310 x 215 x 232 mm). The box was then walked around the lab140

continuously for 1 h. Following the transport stress, fish were transferred by net in their groups of141

three to a 10 l tank where their behaviour was filmed for 1 h (see Behavioural Analysis). Fish were142

then returned to stock and later re-homed.143

144

Addition of Water Conditioner During Regional Transport145

Variatus platy (Xiphophorus variatus; mixed sex; ~ 3.5 cm in length) were reared in146

Singapore and transported to a UK ornamental fish wholesaler based in the Glasgow area using147

standard commercial practices (see below for details) and housed at the wholesaler for 1 week. After148

the recovery period, bags of variatus platy were tracked from the wholesaler to six retail stores in the149

greater Glasgow area (Scotland, UK) (journey distance range: 9.8-25 km). The time from packing the150

fish at the wholesaler until the fish were placed in their recovery tank at the retail store varied between151

stores depending on the delivery route (range: 4-8 h). For packing, fish were placed into transparent152

polyethylene bags (25.5 x 35 cm, 5-10 fish l-1), which were topped up with pure oxygen, sealed (air-153

tight with a metal wire), double bagged and placed into a packing box along with a variable number of154

other bags. Eleven bags containing platys with Stress Coat® and 11 control bags of platys were155

tracked. Bags were tracked in pairs, where two bags were transported from the wholesaler to a retail156
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store on each journey, one as a control and one containing the water conditioner and were paired for157

statistical analyses. This accounted for the fact that bags were tracked to different stores, and that158

exact transport times were dependent on traffic delays and delivery routes. All bags were tracked159

within a 4-week period. The concentration of Stress Coat® used was 125 µl l-1, which followed160

manufacturer recommendations for stressful conditions, and was half the dose used in the laboratory161

experiment. The addition of this quantity of water conditioner represents a more financially viable162

option if adopted on a large commercial scale. On arrival at the stores, control bags and those163

containing water conditioner were placed into separate tanks on a recirculating system for recovery.164

Water quality in the bags was measured on arrival at the stores and a water sample (1.5 ml) taken for165

further analysis (seeWater Quality below). Bags were then floated for 30 min in the tank, first sealed166

(to allow temperatures to equalise) and then opened to slowly mix bag water with tank water for 30167

min before releasing the fish into the tank. Water quality measurements were repeated on the tanks at168

days 1, 2 and 5 of recovery at the stores. Fish were videoed for 30 min within their transport bags on169

arrival at the store, and then again within their tanks on days 1, 2 and 5 (see Behavioural Analysis170

below). Any visible body or fin injuries were noted from the videos used for behavioural analysis.171

Any mortality was recorded on arrival at the store and then daily at 08.00 and 20.00 by staff at the172

retail stores and removed from the tank. Mortality was then expressed as a percentage based on the173

original number of fish in the bag. Fish were fed twice daily and kept under a 12 h light/dark regime.174

175

Addition of Water Conditioner During International Transport176

Thirty two bags (eight bags of four different colour strains) of variatus platy (X. variatus;177

mixed sex; ~ 3.5 cm in length) were tracked from a farm in Singapore to a UK ornamental fish178

wholesaler in the Glasgow area. Bags were tracked in pairs where, for each strain, two bags were179

transported from the farm to the wholesaler on each journey, one as a control and one containing180

Stress Coat® (125 µl l-1) and were paired for statistical analyses. Prior to transport to the UK, food was181

withheld for 24 h at the farm and then the fish were packed in transparent polyethylene bags with182
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rounded corners containing 3.5 l of water (35.5 x 54 cm bags, 45 fish l-1), with 25 ml of liquid zeolite183

(SeaChemTM) added to each bag. Bags were topped up with oxygen and air-tight sealed, double184

bagged and placed into a packing box along with a variable number of other bags. The boxes were185

then air shipped to a UK airport where they passed through customs before undergoing a ~ 4 h road186

transport to the wholesaler (total transport > 30 h). On arrival at the wholesaler, each bag was187

allocated to a separate static water tank, and bags were floated in the water before water from the bag188

and the tank were allowed to mix as described above. Fish were held in tanks at the wholesaler for at189

least 7 days before being transported to retail stores. At the wholesaler, fish were fed three times daily190

and kept under a 10:14 light/dark regime. They were checked three times a day by staff at the191

wholesaler and any mortality noted. Water quality and behavioural data were collected on arrival at192

the wholesaler and on day 5 of recovery at the wholesaler. Any visible body or fin injuries were noted193

from the videos used for behavioural analysis. Following recovery time at the wholesaler, fish were194

re-bagged for road transport to the same retail stores as for the regional transport (transport time 4-8195

h). No water conditioner was added at this stage of transport. Fish from each treatment (control and196

Stress Coat® during international transport) were packed separately for transport to the store and were197

placed in different tanks for recovery at the store. Water quality and behavioural data were collected198

on arrival at the retail store as in the regional transport study and on day 5 of recovery. Injuries were199

recorded in the same way as before and mortality was recorded twice daily by staff at the retail stores.200

Mortality was expressed throughout the study as a percentage of the original number of fish in the bag201

in which it was transported from Singapore, to ensure per cent mortality was comparable across the202

stages of transport.203

204

Data collection205

Water Quality206

For the regional and international transport studies, water pH, oxygen and temperature were207

measured at each sampling point. pH was measured using a Mettler Toledo FiveGo pH meter.208
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Temperature (° C) and dissolved oxygen (DO) were measured with a LDO101 probe and an HQ30d209

meter. A water sample (1.5 ml) was collected and frozen using ice packs for later analysis of ammonia210

concentrations; samples were stored at -20° C until they were processed. Total ammonia nitrogen211

levels were quantified using a microplate colorimetric procedure (Bower and Holm-Hansen, 1980).212

Standards were made by a dilution of 1 mM ammonium chloride. Standards and samples were run in213

triplicate. The un-ionised ammonia (NH3) content was calculated from the total ammonia nitrogen214

values, the pH and temperature (° C) (California Water Boards Agency, 2011).215

216

Behavioural analysis217

For the laboratory studies, post-transport behaviours were recorded for 1 h using a Panasonic218

SDR-S50 video camera. Each 10 l tank contained environmental enrichment; one plastic plant took up219

one quarter of the back half of the tank, and the other back quarter contained a plastic shelter. The220

front half of the tank was left empty. Food was introduced into the front half of the tank after the first221

30 min. Video footage was analysed for erratic swimming, aggressive chases and actual bites between222

fish (Table 1). The total number of occurrences of these behaviours performed by all fish within the223

tank was counted. A subsample (~10%) of videos were analysed blind by an additional observer with224

a high inter-observer reliability (Kendall’s W coefficient: 0.99, p<0.01).225

For the regional and international transports, video recordings (30 min) were made using226

cameras (WiMiUS 4K 16MP Action, GoPro Hero 4 & 5) mounted on monopods and set at 720 P227

(progressive scan) and 120 fps (frames per seconds). Upon arrival at the retail stores, behavioural228

recordings were made when the fish were still in the transport bag. During recovery, at both the229

wholesaler and retail stores, video recordings were made at random times of the day but not within 1 h230

before or after feeding. Behavioural Observation Research Interactive Software (BORIS) (Friard and231

Gamba, 2016) was used to analyse behaviours displayed by the fish (Table 1). Randomly selected232

individual fish were tracked for 3 min, and this was repeated consecutively from the start to the end of233

the video such that 10 individuals were tracked. Displayed behaviours for each focal fish within the234
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video were totalled to obtain a behaviour score per bag or tank. However, on arrival at the wholesaler235

following international transport, it was not possible to track a focal fish for as long as 3 min due to236

the high number of fish in the bag; therefore videos of the bags were watched for the full duration and237

any occurrence of the behaviours in Table 1 by any fish were recorded to give a total score for the bag238

for the 30 min.239

Table 1. Ethogram of the behaviours recorded.240

Behaviour Description Relation to welfare

Chases
Occurrence of fish chasing

one another.

Aggressive interaction has been associated

with elevated stress (Vera Cruz and Brown,

2007; Kadry and Barreto, 2010; Saxby et al.

2010; Gronquist and Berges, 2013).

Bites
Occurrence of fish nipping

or biting one another.

Biting can cause injuries and may lead to

mortality (Pitcher, 2012; Håstein, 2004;

Noble et al., 2012; Kalueff et al. 2013).

Erratic swimming

Occurrence of rapid

swimming and direction

change.

Erratic swimming is an indicator of elevated

stress, distress or pathogenic condition and

may be used as a sign of reduced welfare

(Conte, 2004; Håstein, T., 2004, White et al.

2017).

Ventilation rate

Measured by visually

counting 20 successive

opercular or buccal

movements, measuring the

elapsed time and then

calculating the frequency

per minute (based on

Ventilation rate can increase as a result of

aquaculture procedures or stressors and is a

highly sensitive mechanism involved in stress

coping strategies (Barreto and Volpato, 2004,

2011; Martins et al., 2012).
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Alvarenga and Volpato,

1995).

241

Body and fin condition242

Any visible body and fin injuries were recorded from the videos used for behavioural243

analysis. During the behavioural analysis, visible injuries were recorded for each focal fish and given244

a score for severity. Injuries to fins were recorded as follows: (0) no visible injury; (1); small section245

of fin missing; (2) large section of fin missing or shortening of the fin; (3) fin missing. Body injuries246

were recorded based on the following criteria: (0) no visual injuries; (1) single minor non-life-247

threatening injury; (2) multiple minor non-life threatening injuries; (3) major life-threatening injury248

(Deng et al. 2005; Neitzel et al. 2000, 2004). The scores for fin injury and body injury were combined249

for all 10 focal fish observed in the same video to obtain one overall bag or tank injury score.250

251

Statistical Analyses252

The software R and Rstudio 1.1.414 were used to carry out statistical analyses (R Studio Team,253

2016; R Core Team, 2018) according to Bolker et al. (2009). A Kendall’s w test of concordance was254

carried out on a subset of random videos with the DescTools package (Signorell and et al., 2019) to255

test for inter-observer reliability. Response variables recorded as percentages were transformed using256

the arcsine function. Data distribution was visually determined by plotting the response variables by257

their frequency of occurrence using the ggplot2 package (Wickham, 2016). For normally distributed258

response variables, a general linear mixedmodel was carried out using the lmer function from the259

lme4 package (Bates et al., 2015). Treatment and transport stage (and the interaction of the two) were260

set as explanatory variables (treatment only for the simulated transport). For the simulated transport261

laboratory study, tank number was set as a random variable. For the regional and international262

transport studies, store and pair number were set as random variables (strain was initially included as263
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an a explanatory variable in the international transport study but was found to be non-significant and264

therefore removed to reduce complexity of the models). For response variables not normally265

distributed, a general linear mixed model was carried out and the distribution of the residuals was266

determined visually by plotting a histogram of the residuals by their frequency of occurrence using267

ggplot2 and by plotting a Q-Q plot of the theoretical quantiles by the sample quantiles and adding a268

normality line using the stats package (R Core Team, 2018). For response variables with non-269

normally distributed residuals, a generalised linear mixed model was carried out using poisson family270

from the lme4 package with the same variables as above (Bates et al., 2015). As necessary, the data271

were transformed using the log or square root function to obtain normally distributed residuals. The272

best fit model was selected by disregarding explanatory variables that did not significantly improve273

the fit of the model using the summary function from lme4 (Bates et al., 2015). The significance of274

the covariates was tested using t-test for the simulated transport study and an ANOVA (anova275

function in the nlme package and the Anova function in the car package) for the regional and276

international transport studies (Fox and Weisberg, 2011; Pinheiro et al., 2018). A post-hoc Tukey test277

was carried out using the lsmeans package for the regional and international transports (Lenth, 2017).278

The figures were created using the ggplot2 package (Wickham, 2016).279

Ethical approval280

This study was approved by the University of the West of Scotland and WALTHAM Centre for281

Pet Nutrition animal welfare and ethics review boards and the simulated laboratory transport was282

carried out under a Home Office Project Licence (PPL 70/8539).283

284

3. Results285

286
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Simulated Laboratory Transport287

The number of bites performed by guppies following simulated transport was significantly288

affected by the addition of water conditioner, being lower in the fish exposed to the water conditioner289

(t=7.962, df=9.592, p<0.001; Fig. 1). There was no significant difference in chasing behaviour290

(t=0.714, df=7.215, p=0.498) or erratic swimming behaviour between fish transported with or without291

Stress Coat (t=1.346, df=9.264, p=0.21).292

293

Addition of Water Conditioner During Regional Transport294

Erratic swimming behaviour of platys post-transport was significantly affected by both the295

water conditioner (F1,69=16.686, p<0.001; Fig. 2) and time (F3,69=235.345, p<0.001; Fig. 2) with a296

significant interaction between the two factors (F3,69=17.97, p<0.001; Fig. 2). Overall, erratic297

swimming behaviour was greatest on arrival at the retail store and reduced during the recovery period.298

Fish that were transported with the water conditioner had reduced erratic swimming on arrival at the299

retail store compared to controls (Fig. 2). Chasing behaviour significantly increased throughout300

recovery at the stores (F3,69=6.993, p<0.001; Fig. 3) and was higher in the fish transported with water301

conditioner on days 1 and 2 of recovery (F1,69=5.588, p=0.021; Fig. 3). Biting was not significantly302

affected by the water conditioner (F1,69=0.138, p=0.712) and did not differ over time (F3,69=0.954,303

p=0.419) (see supplementary information 1). Water conditioner and stage of transport did not304

significantly affect mortality, which was low throughout (Stress Coat®: F1,67=0.377, p=0.541; stage:305

F3,67=0.909, p=0.441), ventilation rate (Stress Coat®: F1,42=1.709, p=0.198; stage: F3,42=0.346,306

p=0.709), or injury (Stress Coat®: F1,69=0.125, p=0.725; stage: F3,69=1.048, p=0.377) (see307

supplementary information 1). On arrival at the store, water conditioner did not significantly affect308

water pH (t = 1.214, df = 19.999, p = 0.239), dissolved oxygen (t = 1.052, df = 10.603, p = 0.316),309

water temperature (t = 0.325, df = 18.815, p = 0.749), total ammonia nitrogen levels (t = 1.071, df =310

19.641, p = 0.297) or unionised ammonia levels (t = 0.8275, df = 13.894, p = 0.422) (see311

supplementary information 1).312
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313

Addition of Water Conditioner During International Transport314

As in the regional study, erratic swimming was significantly affected by both the water315

conditioner (F1,88=9.404, p=0.003; Fig. 4) and stage of transport (F3,88=39.400, p<0.001; Fig. 4). There316

was a significant interaction between the two factors (F3,88=4.802, p=0.004; Fig. 4). Erratic swimming317

was higher at the wholesaler than at the store and at this point in the transport chain there was no318

significant effect of water conditioner (Fig. 4). Erratic swimming behaviour decreased once fish were319

at the retail store which was lower on day 5 of recovery than on arrival (Fig. 4). Fish transported with320

water conditioner for the international part of the journey displayed significantly less erratic321

swimming on arrival at the store as seen in the regional study (Fig. 4). In contrast to the regional322

transport, chasing behaviour was significantly higher in the control group compared to the water323

conditioner group during recovery at both the wholesaler and the retail stores (F1,88=11.55, p<0.001;324

Fig. 5) with chasing generally higher in tanks than bags (F3,92=12.717, p<0.001; Fig. 5). Biting was325

highest on day 5 of recovery at the store (F3,91=12.317, p<0.001; Fig. 6) and was also significantly326

lower in the fish exposed to the water conditioner during international transport compared to controls327

(F1,91=8.234, p=0.03; Fig. 6). Mortality remained low throughout and was not affected by the water328

conditioner treatment (F1,95=0.412, p=0.523). Neither transport stage nor treatment had a significant329

effect on ventilation rate (Stress Coat®: F1,57=3.104, p=0.468; stage: F3,57=1.342, p=0.269) or injury330

(Stress Coat®: F1,42=0.279, p=0.597; stage: F3,42=4.167, p=0.062) (see supplementary information 2).331

The effect of water conditioner on water quality was only tested on arrival at the wholesaler. The332

water conditioner did not significantly affect water pH (t = 1.366, df = 27.566, p = 0.183), dissolved333

oxygen (t = 0.298, df = 29.454, p = 0.768), water temperature (t = 0.246, df = 30, p = 0.807), total334

ammonia nitrogen levels (t = 1, df = 15, p = 0.333) and unionised ammonia levels (t = 1, df = 15, p =335

0.333) (see supplementary information 2).336



16

337

4. Discussion338

The aim of this study was to determine whether there are any benefits of adding water conditioner339

to the transport water of ornamental fishes, particularly in relation to welfare. Here, the commercially-340

available water conditioner, Stress Coat® was tested in a simulated laboratory transport, and two341

durations of commercial transport. The effects of Stress Coat® were variable between studies, but342

overall the water conditioner appeared to cause reduced levels of erratic swimming and aggressive343

behaviour. The water conditioner had no effect on the water quality parameters measured. In the344

simulated transport, the water conditioner reduced biting levels during recovery post-transport. A345

reduction in biting was also seen when the water conditioner was added to the international346

component of the transport chain. For the international transport, as Stress Coat® was only added for347

the international leg of the journey, this suggests that the behavioural effects of Stress Coat® can348

persist for a period of time as effects were seen more on arrival at the store, rather than during time at349

the wholesaler. Although the water conditioner did significantly affect levels of biting in the350

international transport study, there was no significant difference in visible injuries which is perhaps351

not surprising as although statistically different between treatments, the level of biting overall was352

low.353

Behavioural variation is a common welfare measure as deviation from natural behaviours can354

indicate an increase in stress, aggression and fear (Huntingford et al., 2006; Weber, 2011; Braithwaite355

and Ebbesson, 2014). Guppies are known to form shoals, but this behaviour is dynamic and context-356

dependent (Croft et al., 2003, 2006); for example when predation threat is low, shoaling decreases and357

hierarchies establish over resource competition. Formation of hierarchies in guppies involves biting358

and chasing behaviour (Gorlick, 1976; Magurran and Seghers, 1991). In contrast, there is little359

scientific literature on the social behaviour of variatus platy. They are generally considered peaceful360

fish, preferring to live in small groups (Beaugrand et al., 1984). While their social behaviour is not361
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widely documented, hierarchy formation in other related species, such as the sword-tail (Xiphophorus362

helleri), involves threat displays which can escalate to chasing and then biting behaviours (Braddock,363

1945; Scott and Currie, 1980). Behaviours associated with the establishment of hierarchies are not364

necessarily a sign of poor welfare as they form part of the natural behaviour repertoire of the species365

(Martins et al., 2012). However, once hierarchies are established, the persistence or escalation of366

chasing and biting behaviour becomes a welfare concern (Ashley, 2007; Huntingford et al., 2006).367

Biting in particular can result in injuries through physical contact (Ashley, 2007;Martins et al., 2012).368

Some levels of chasing and biting are likely unavoidable when ornamental fishes are placed in a new369

community following commercial transport while hierarchies are being established; although these370

behaviours are considered normal, they can still induce stress (Culbert and Gilmour, 2016; Spagnoli et371

al., 2016). Therefore, a reduction in chasing and biting behaviour as observed with the addition of the372

water conditioner is desirable as a more peaceful hierarchy establishment is likely to be less stressful373

for the fish.374

No study has been found that measures changes in behaviour following transport of ornamental375

fishes, limiting comparison with existing literature. Some studies on aquaculture species have376

assessed changes in behaviour in response to transport. A study by Chandroo et al. (2005) analysed377

the activity levels of rainbow trout (Oncorhynchus mykiss) before, during and after transport and378

found that seven of 11 fish showed an elevation in activity levels during transport. Four fish showed a379

reduction in activity compared to baseline levels and all fish displayed some fast swimming. Although380

fast swimming was not further described by the authors, it may have been an example of erratic381

swimming. The display of erratic swimming is a common behavioural measure for stress in fishes382

(Conte, 2004; Håstein, 2004, White et al. 2017). Erratic swimming behaviour was elevated during383

live-haul boat transport of Atlantic salmon (Salmo salar), although this was site dependent (Nomura384

et al., 2009), but erratic swimming was supressed during recovery from transport in rainbow trout (O.385

mykiss) (Shabani et al., 2016). In the current study, the addition of water conditioner during both386

regional and international transport significantly reduced the occurrence of erratic swimming when387

fish were held in bags on arrival at the store, which could indicate that the fish were less stressed388
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(Conte, 2004; Håstein, 2004, White et al., 2017). During a study on the cortisol response to stress,389

Barton and Peter (1982) noticed an increase in erratic swimming when transporting fingerling390

rainbow trout (Salmo gairdneri) in water containing 0.5% NaCl. Although behavioural variation was391

not the focus of the study, the authors did note this change as an indication of elevated stress. Further392

studies are required to monitor variation in behaviour during and following transport393

The concept of allostatic capacity may help explain the observed delay in erratic swimming394

reduction in the international transport trial as well as the difference in chasing behaviour between the395

regional transport and international transport trials. Allostasis is an animal’s capacity to respond to a396

stressor without its welfare being compromised; whereby an animal’s response to a prior stressor397

affects its ability to respond to subsequent stressors (McEwen and Wingfield, 2003; Braithwaite and398

Ebbesson, 2014; Sneddon et al., 2016). Although no reduction in stress-associated behaviours were399

observed on arrival and during recovery at the wholesaler in the international transport trial, fish400

exposed to Stress Coat® during international transport may have increased their allostatic capacity401

during transport/recovery at the wholesaler, resulting in better coping capabilities for the subsequent402

regional transport than fish transported under control conditions. This hypothesis requires further403

research; regardless, the lower levels of biting and chasing displayed by the fish exposed to water404

conditioner during international transport suggest improved welfare compared to fish transported405

without the water conditioner.406

There was no significant effect of Stress Coat® on mortality, either during the regional or407

international transports. A study by Swanson et al. (1996) tested the effect of NovAqua® (Krodon)408

added to transport water on the survival of wild-caught delta smelt (Hypomesus transpacificus).409

NovAqua® is a polymer-based water conditioner and dechlorinator but no details about its410

composition are available. Swanson et al. (1996) found that the addition of NovAqua® to transport411

water significantly reduced mortality for 72 h after transport. Similarly, in studies using disease412

challenge where mortality is predicted to be high, beneficial effects of A. vera have been shown. For413

example, an increase in survival in common carp (Cyprinus carpio) fed a diet supplemented with A.414

vera (5 g kg-1 A. vera for 6 weeks) was found after a challenge with live Aeromonas hydrophila415
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(Alishahi et al., 2010). The present study tested the effects of Stress Coat® during commercial416

transport. Unlike Swanson et al. (1996) and Alishahi et al. (2010), we did not find a reduction in platy417

mortality after Stress Coat® exposure. However, in our study mortality was low throughout.418

Therefore, any potential of Stress Coat® to lower mortality would be difficult to identify within our419

transport chain.420

We also found no detectable effect of Stress Coat® on the number of body injuries that occurred,421

but again the total number of injuries remained low throughout. Aloe vera was found to improve the422

healing of wounds following handling for induced spawning (Zanuzzo et al., 2015b). Induced423

spawning, like many fish husbandry practices (including transport), involves handling and air424

exposure. Zanuzzo et al. (2015b) bathed matrinxã (Brycon amazonicus) for 24 h in water containing425

0.1g l-1 A. vera following induced spawning and found that following recovery, fish exposed to A.426

vera had a higher number of epidermal goblet cells and improved wound healing rate than non-427

exposed fish. Addition of 0.2 and 2 mg l-1 of A. vera to water during transport also increased the428

activity of the immune system in matrinxã after they were handled, but this effect was no longer429

noticeable once transport ended (Zanuzzo et al. 2012). Similarly, dietary A. vera supplementation (5-430

20 mg kg-1) in pacu (Piaractus mesopotamicus) for 10 days prior to transport enhanced innate431

immune parameters immediately after transport compared to pacu fed a control diet (Zanuzzo et al.,432

2017). Due to the overall good physical condition of the fish in the present study, it cannot be433

determined whether the water conditioner improved healing in fish following transport.434

435

5. Conclusion436

Overall, adding Stress Coat® to the transport water of ornamental fish improved behavioural437

indicators of welfare with the biggest effects observed when the water conditioner was added to the438

international leg of a commercial transport chain. No study has been found that assessed the effect of439

pure A. vera on stress-associated behaviours in fish. Therefore, it is not possible to determine from440

this study if the observed improvements were a result of the A. vera in the Stress Coat® or if the441
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improvements are a result of the various compounds present in Stress Coat® working in synergy.442

Further research is needed in this area and into the potential for water conditioners to enhance the443

welfare of fish transported for the ornamental trade.444
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719

Figure Captions720

721

Figure 1: Biting Behaviour Following Simulated Transport. The occurrence of biting post-722

transport for fish transported with and without the addition of water conditioner. Data are723

mean (diamond), median, upper and lower 25th percentile, and outliers, n=6.724

725

Figure 2: Erratic Swimming Behaviour Following Addition of Water Conditioner726

During Regional Transport. The occurrence of erratic swimming behaviour for fish727

transported with and without the addition of water conditioner across different stages of728

commercial transport. Data are mean (diamond), median, upper and lower 25th percentile,729

and outliers, n=11. Asterisk indicates a significant difference between treatments within a730

specific time point (post-hoc Tukey, p<0.05). Letters indicate differences between specific731

time points where boxes sharing a letter are not significantly different (post-hoc Tukey,732

p<0.05).733

734

Figure 3: Chasing Behaviour Following Addition of Water Conditioner During Regional735

Transport. The occurrence of chasing behaviour for fish transported with and without the736

addition of water conditioner across different stages of commercial transport. Data are mean737

(diamond), median, upper and lower 25th percentile, and outliers, n=11. Asterisk indicates a738

significant difference between treatments within a specific time point (post-hoc Tukey,739

p<0.05). Letters indicate differences between specific time points where boxes sharing a740

letter are not significantly different (post-hoc Tukey, p<0.05).741

742

Figure 4: Erratic Swimming Behaviour Following Addition of Water Conditioner743

During International Transport. The occurrence of erratic swimming behaviour for fish744

transported with and without the addition of water conditioner across different stages of745

commercial transport. Data are mean (diamond), median, upper and lower 25th percentile,746

and outliers, n=16. Asterisk indicates a significant difference between treatments within a747
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specific time point (post-hoc Tukey, p<0.05). Letters indicate differences between specific748

time points where boxes sharing a letter are not significantly different (post-hoc Tukey,749

p<0.05).750

751

Figure 5: Chasing Behaviour Following Addition of Water Conditioner During752

International Transport. The occurrence of chasing behaviour for fish transported with and753

without the addition of water conditioner across different stages of commercial transport.754

Data are mean (diamond), median, upper and lower 25th percentile, and outliers, n=16.755

Asterisk indicates a significant difference between treatments within a specific time point756

(post-hoc Tukey, p<0.05). Letters indicate differences between specific time points where757

boxes sharing a letter are not significantly different (post-hoc Tukey, p<0.05).758

759

Figure 6: Biting Behaviour Following Addition of Water Conditioner During760

International Transport. The occurrence of biting behaviour for fish transported with and761

without the addition of water conditioner across different stages of commercial transport.762

Data are mean (diamond), median, upper and lower 25th percentile, and outliers, n=16.763

Asterisk indicates a significant difference between treatments within a specific time point764

(post-hoc Tukey, p<0.05). Letters indicate differences between specific time points where765

boxes sharing a letter are not significantly different (post-hoc Tukey, p<0.05).766

767

768
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Figure 6783
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Supplementary information 1: Mean (±SD) for regional transport trial.785

Stage Treatment pH Dissolved

oxygen (%)

Temperature

(º C)

TAN

(ppm)

NH3

(ppb)

Biting

(30 min-1)

Ventilation

rate min-1
Injury

(30 min-1)

Arrival Control 6.43 (±0.39) 245.83 (±7.21) 19.32 (±1.32) 0.34 (±0.21) 0.3 (±0.3) 0.40 (±0.52) N/A* 0 (±0)

Arrival Water
conditioner

6.64 (±0.40) 232.46 (±41.49) 19.48 (±1.02) 0.25 (±0.18) 0.5 (±0.7) 1.09 (±3.01) N/A* 0 (±0)

Day 1 Control 6.25 (±0.74) 104.7 (±1.48) 18.48 (±1.48) 0.03 (±0.04) <0.01
(±0.01)

1.09 (±1.76) 70.69 (±16.37) 0.18 (±0.6)

Day 1 Water
conditioner

6.16 (±0.57) 104.04 (±2.67) 18.37 (±1.28) 0.03 (±0.03) 0.01(±0.01) 0.82 (±1.66) 74.07 (±11.40) 0.27 (±0.65)

Day 2 Control 5.97 (±0.69) 103.53 (±2.18) 18.75 (±1.9) 0.04 (±0.05) 0.01 (±0.01) 1.45 (±1.21) 67.06 (±13.98) 0.09 (±0.30)

Day 2 Water
conditioner

6.13 (±0.72) 104.74 (±3.16) 18.72 (±1.87) 0.04 (±0.06) 0.01 (±0.01) 1.90 (±3.27) 72.29 (±15.99) 0 (±0)

Day 5 Control 6.24 (±0.69) 104.97 (±2.17) 18.62 (±1.51) 0.03 (±0.04) 0.01 (±0.1) 1.00 (±1.55) 70.00 (±12.48) 0.18 (±0.60)

Day 5 Water
conditioner

6.15 (±0.71) 104.69 (±2.17) 18.62 (±1.3) 0.03 (±0.04) 0.01 (±0.1) 0.82 (±1.25) 77.26 (±17.02) 0.27 (±0.90)

* N/A: not visible at this stage of transport
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Supplementary information 2: Mean ±SD for international transport trial.786

Stage Treatment pH Dissolved oxygen

(%)

Temperature

(º C)

TAN

(ppm)

NH3

(ppb)

Ventilation

rate min-1
Injury

(30 min-1)

Wholesaler
arrival

Control 6.15 (±0.19) 159.73 (±35.52) 23.40 (±1.08) 0.00001
(±0.00001)

<0.01 (±0.01) N/A* N/A*

Wholesaler
arrival

Water
conditioner

6.23 (±0.14) 163.77 (±40.73) 23.49 (±1.07) 0.008 (±0.030) <0.01 (±0.02) N/A* N/A*

Wholesaler
day 5

Control 6.67 (±0.43) 96.94 (±3.33) 23.62 (±1.21) 0.47 (±0.77) 1.1 (±2) 128.04
(±15.05)

N/A*

Wholesaler
day 5

Water
conditioner

6.58 (±0.44) 96.34 (±2.12) 23.55 (±1.01) 0.27 (±0.49) 0.2 (±0.4) 115.90
(±16.33)

N/A*

Store
arrival

Control 6.77 (±0.24) 227.27 (±40.51) 18.71 (±1.87) 0.39 (±0.60) 0.6 (±0.7) 106.75 0.19 (±0.54)
(±27.13)

Store
arrival

Water
conditioner

6.81 (±0.30) 233.29 (±29.64) 18.45 (±1.93) 0.40 (±0.47) 0.7 (±0.8) 105.98 0.31 (±0.70)
(±22.65)

Store day 5 Control 6.90 (±0.27) 99.78 (±1.89) 18.05 (±1.87) 0.26 (±0.43) 0.5 (±0.8) 117.41 0.94 (±2.14)
(±19.93)

Store day 5 Water
conditioner

6.78 (±0.33) 100.14 (±2.37) 17.80 (±1.75) 0.28 (±0.50) 0.4 (±0.8) 108.68 0.44 (±0.81)
(±22.37)

* N/A: not visible at this stage of transport

787


