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ABSTRACT 31 

 32 

A group of 36 1+ age class Salmo trutta were surgically implanted with dummy acoustic tags 33 

and monitored for 370 days. In total 13 tags were expelled through-out the experiment with an 34 

overall tag loss rate of c. 0.035 tag/d. Fish length was the only explanatory variable which had 35 

a significant association with subsequent tag expulsion. The estimated probability of retaining 36 

a tag for a year for a fish of length 32 cm was 0.76, 34 cm was 0.60 and 36 cm was 0.38. The 37 

long term tag loss patterns were examined and discussed. 38 
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 51 

Acoustic telemetry is a widely applicable and increasingly popular tool enabling researchers to 52 

collate data across diverse aspects of fish biology from behaviour to survival. As the technology 53 

develops acoustic tags are constantly evolving with new sensor capabilities combined with 54 

improved battery life facilitating longer studies (Cooke et al., 2013). Long term studies often 55 

employ surgical tag insertion and it is generally assumed that implanted transmitters exhibit 56 

high retention rates, with the tagged fish therefore reflective of the background natural 57 

population. Some previous studies have documented full retention of implanted tags in 58 

freshwater species such as pike (Esox Lucius L.) (Jepsen & Aarestrup, 1999) and pike-perch 59 

(Stizostedion lucioperca L.) (Jepsen et al., 1999; Jepsen et al., 2003). Intra-peritoneal implanted 60 

tags can however be lost with potential shedding routes through the incision scar, 61 

transdermally, via the intestine or during spawning activities (Moore et al., 1990; Foldvik & 62 

Kvingedal, 2018). Jepsen et al., (2002) suggested that tag losses could be quite variable 63 

between species or age classes and often took place shortly after tagging in juvenile fish and 64 

during spawning in adults. Previous studies on intra-peritoneal implanted trout have indicated 65 

dummy tag loss rates of 23% over 5 months (Jepsen et al., 2008) in Salmo trutta L., 15-59% 66 

loses over 4-6 months in Oncorhynchus mykiss (Walbaum, 1792) (Chisholm & Hubert, 1985; 67 

Lucas, 1985; Sandstrom et al., 2013) and 12-27% losses over 50 days for O. mykiss (Bunnell 68 

& Isely, 1999). Moore et al., (1990) observed that 20% of juvenile Atlantic salmon (Salmo 69 

salar L.) had transdermally expelled their tags five months post tagging. Despite the wide-scale 70 

application of surgical tag implantation across many studies, particularly those involving 71 

salmonids, relatively few studies have detailed long term (1 year +) tag retention rates.  72 

The current study was undertaken to determine the long term retention pattern of surgically 73 

implanted dummy acoustic tags in hatchery origin maturing brown trout. The work also 74 

examined the retention and intra-peritoneal in situ anchorage of tags two months post insertion 75 
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using a Mindray M5 Vet Diagnostic Ultrasound System. Lastly the tagged fish were monitored 76 

over the winter reproductive period to determine if any tags were shed directly during 77 

spawning. 78 

A sample of hatchery reared brown trout were obtained at a trout fish farm situated adjacent to 79 

the Lower Bann river at Movanagher in Northern Ireland. The facility was operated by the 80 

Department of Agriculture, Environment and Rural Affairs (DAERA) for Northern Ireland. 81 

The sampled fish ranged from 27.5-43.0 cm LF and were all 1+ age class. An experimental 82 

group of 36 fish were subject to intra-peritoneal tagging. The dummy acoustic tags were 83 

constructed from smooth circular acrylic rod with an inert resin coating to specifications of 9 84 

mm diameter, 25 mm length and 4 g weight in air. Each tag was partially drilled out at one end 85 

and had a Passive Integrated Transponder (PIT) tag inserted before being sealed using epoxy 86 

clear liquid plastic filler. Both end surfaces of each dummy tag were carefully rounded and 87 

smoothed. Surgical tag implantation occurred on site on 12th March 2019. Fish were 88 

anaesthetised individually in a 50 l plastic tank using a 50mg/l solution of tricane (MS-222) at 89 

circa 6oC with an average emersion time c. 2 minutes before fish were sufficiently 90 

anaesthetised.  The fish were measured for LF (cm) and weight (g) and held ventro-dorsally in 91 

a supportive foam girdle. A scalpel was used to make a slightly off centre c. 1cm long incision 92 

anteriorly of the pelvic girdle through which the dummy tag was inserted into the peritoneal 93 

cavity parallel to the body wall. After insertion the tagging area was gently massaged to ensure 94 

displacement of the tag away from the entry site and the wound was closed using a single 4/0 95 

absorbable, polyglycolic acid, suture.  The care and use of experimental animals complied with 96 

UK welfare laws, guidelines and policies as approved by ASPA (Animals Scientific Procedures 97 

Act) licence PPL 2761. Post tagging the fish were released into a large 5 m diameter, 1.2 m 98 

depth, covered holding tank with a continuous flow through of filtered river water. After the 99 
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experimental fish were tagged a second batch of 26 control trout were measured, weighed and 100 

adipose fin clipped before being released into the same holding tank as the tagged fish. 101 

The holding tank was monitored daily from 12th March 2019 until 13th March 2020 with any 102 

dead fish removed, measured and examined for tags or fin clips. Additionally a fine mesh sieve 103 

was placed in the tank outflow to capture any expelled tags which were removed, identified 104 

and noted. Tagged and control fish were examined three times during the study on 23rd May 105 

2019, 15th November 2019 and 13th March 2020. On each occasion fish were individually 106 

anaesthetised, measured, weighed and scanned with an Oregon RIFD handheld PIT tag scanner 107 

to determine the presence and identity of tags. On 23rd May 2019 each tagged fish was 108 

transferred onto a supportive cradle and examined under ultrasonography using both linear 109 

(2.5Mhz-12Mhz) and curved (convex 2.5Mhz-7.5Mhz) transducers to detect the presence 110 

and/or transdermal expulsion of tags within the peritoneal cavity. Tag location and orientation 111 

were classified as either deep (clearly separate from the body wall) or shallow (impinging the 112 

body wall). On 15th November 2019 all the tagged and control fish were hand stripped of eggs 113 

or sperm by fish farm staff with any tag expulsions noted. 114 

In total 13 tags were expelled through-out the 370 day experiment indicative of an overall tag 115 

loss rate of c. 0.035 tag/d. The first tag was shed after 58 days and the last after 309 days. The 116 

rate of tag loss declined progressively across the 3 monitoring periods (Table I). Sonography 117 

of 29 tagged fish noted that any tags present were located adjacent or anterior to the initial 118 

incision site with 18 tags classified as deep and clearly separate from the body wall. Nine tags 119 

showed a shallow placement, endodermal adhesion with some clearly encapsulated. An 120 

additional two tags were actively undergoing transdermal expulsion which was also evident 121 

upon external examination with a significant outward bulge apparent. It was assumed that both 122 

these tags would soon be expelled and indeed one was shed later the same day (23rd May 2019). 123 

However, the second was actually resorbed back into the peritoneal cavity, retained until the 124 
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end of the experiment with an associated resorption of dermal bulging by 13th March 2020. 125 

During the remaining monitoring period a further 2 tags from both deep and shallow embedded 126 

groups were subsequently extruded with no significant difference between the 2 groups (Fisher 127 

exact test, F=0.581, P > 0.05).  No tags were expelled through the vent when the fish were 128 

stripped on 15th November 2019, although the final tags were found in the holding tank on 29th 129 

November 2019 and 15th January 2020.  130 

The time taken to expel a tag was modelled using the Cox proportional hazard model (Collett, 131 

2015).  The analysis was carried out in R 4.0.0 (R Core Team, 2020) using the survival 132 

(Therneau, 2020) and survminer (Alboukadel et al., 2019) packages.  Using a forward selection 133 

procedure the explanatory variates of initial length (cm), weight (g), condition factor and 134 

gender were assessed for significant association with time to tag expulsion (Table II).  Length 135 

was identified as being significantly associated with time to tag expulsion and the model was 136 

refitted to include only length (χ² = 4.48, df = 1, P < 0.05).  The hazard ratio for length was 1.38 137 

(95% confidence interval [1.02, 1.87]), indicating a unit increase in length increased the risk of 138 

expelling the tag by 38% (Figure 1).  The estimated probability of retaining a tag for a year for 139 

a fish of length 32 cm was 0.76 (95% confidence interval [0.60, 0.98]), 34 cm 0.60 ([0.45, 0.81) 140 

and 36 cm 0.38 ([0.18, 0.80]). The length, condition and mortality of control and tagged fish 141 

were very similar through-out the study indicative of negligible long term impact of the tagging 142 

procedure. A significant number of both tagged (8) and control fish (12) died in the weeks after 143 

stripping, this was due to post-spawning fungal infections which were heavy and noted 144 

through-out the fish farm, particularly on male fish.  145 

Retention of intra-peritoneal transmitters is influenced by a diverse range of methodological, 146 

biological and environmental factors (Jepsen et al., 2002). Temperature can influence tag 147 

retention with previous work on O. mykiss indicating elevated loss rates at higher water 148 

temperatures (Bunnell & Isely, 1999). Bulter et al., (2009) demonstrated high inter-species 149 
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variability in tag retention between four different native Australian fish species. Sandstrom et 150 

al., (2013) found that retention rate was most significantly influenced by the surgeon 151 

undertaking tagging rather than the tag burden in O. mykiss smolts. High tag to body weight 152 

ratio may impact tag retention in some species with heavier tags increasing the risk of tag 153 

expulsion (Marty & Summerfelt, 1986; Jepsen et al., 2008). Summerfelt & Mosier (1984) 154 

showed that heavier tags of c. 2% of fish body weight exhibited 89% expulsion rate whilst 155 

lighter tags c. 1% of body weight showed 53% loss in channel catfish (Ictalurus punctatus, 156 

Rafinesque, 1818). In the current study experimental fish were retained at a low stocking 157 

density which facilitated a high growth rate with the fish increasing from c. 500 g in March 158 

2019 to >1000 g in March 2020 (Table I). Although the dummy transmitters represented a 159 

relatively low initial tag burden (c. 0.8-0.4% by weight) in these rapidly growing trout, around 160 

one-third of the tagged fish still actively shed their tags during the monitoring period. Longer 161 

fish were more likely to shed tags and since all the fish were the same age class this may 162 

indicate that faster growing individuals were more likely to extrude tags. The tendency for 163 

larger fish, with a lower tag burden, to exhibit an increased risk of tag expulsion was 164 

unexpected and somewhat contrary to previous studies (Summerfelt & Mosier, 1984; Marty & 165 

Summerfelt, 1986; Jepsen et al., 2008). Brundson et al., (2019) found that S. salar smolts 166 

expelled smaller acoustic tags more often than larger transmitters, suggesting that higher tag 167 

burden does not always correlate with increased expulsion rate and that tag retention may only 168 

be compromised once a critical tag burden is exceeded.  The overall tag loss rate declined 169 

progressively between subsequent monitoring occasions (Table I) but the detailed temporal 170 

loss pattern was more subtle and represents a useful output from this study for fish telemetrists 171 

engaged in longer term studies. No tags were lost or mortalities incurred during the first two 172 

months of the study, indicative of an initial period of full tag retention by the tagged population. 173 

A lag period between tagging and initial tag expulsion has been observed in other studies on 174 
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rainbow trout in which the lag duration was 42 days (Chisholm & Hubert, 1985) and in adult 175 

bluegills with a lag of around 20 days at 15oC (Knights & Lasee, 1996). The initial time gap 176 

before tags were lost may represent a sufficient temporal period for many localised or short 177 

term fish tracking studies. Although tags were lost through-out the remaining monitoring 178 

period a more concentrated tag expulsion period was evident between days 58-86 post tagging 179 

(9th May 2019 - 6th June 2019) when 7 tags (54% of all losses) were lost. This steep initial loss 180 

rate which incurred over the course of around a month was then followed by a reduced but 181 

steady expulsion rate through-out the remainder of the study.  182 

The potential for an initial high tag retention period, followed by a short phase of increased 183 

losses and a final longer, more stable shedding rate, may, if replicated in wild fish and other 184 

species, represent an important consideration in the interpretation of long term telemetry data. 185 

By being able to see the unseen, the use of ultrasound as an alternative method to traditionally 186 

used invasive methods, reduced handling stress, (improving animal welfare) and eliminated the 187 

need for periodic dissections. Like other researchers (Naeve et al., 2018) we advocate that 188 

ultrasound imaging offers great opportunities as a tool for ecological studies in wild fish. The 189 

work clearly demonstrates the pressing need to perform additional, longer term research on the 190 

retention of transmitters across different life stages, size ranges and growth conditions with 191 

which to complement and inform the increasing body of telemetry research on fish. 192 

 193 
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 201 

Significance Statement 202 

Relatively few long duration studies detailing the retention of surgically implanted transmitters 203 

are available to support the growing number of longer term telemetry studies across various 204 

fish species. This study describes the long term pattern of tag loss in adult Salmo trutta over 205 

370 days, including the Autumn reproductive period. No tags were shed during the initial 58 206 

days but thereafter c. 33% of tags were expelled and increasing LF was associated with a 207 

significantly increased risk of tag loss. 208 
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