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Abstract: The surgical incision required to insert acoustic transmitters into fish peritoneal cavities is typically
closed with sutures, staples, or cyanoacrylate adhesive. This study evaluated a novel tag insertion technique that did
not use any method of wound closure. Twenty-six adult rainbow trout (Oncorhynchus mykiss) and 26 adult brown
trout (Salmo trutta) received a small, 6 mm abdominal incision. A dummy acoustic transmitter tag was inserted into
half (N = 13) of the fish in each species. Neither group received any wound closure; no sutures, staples, nor
adhesives were used. Tag retention, wound healing, and fish survival were monitored weekly for 13 weeks post-
surgery. No fish died over the course of the trial. Tag retention was 100% and 85% in the tagged rainbow trout and
brown trout, respectively. The wounds in the untagged rainbow trout were all completely healed by six weeks post-
surgery, while wounds of the tagged rainbow trout were completely healed at nine weeks post-surgery. Similarly,
wounds in the untagged and tagged brown trout groups were completely healed by the fifth and eighth weeks
respectively. This study documents the effectiveness of using a small incision with no wound closure methods
during insertion of acoustic tags into rainbow trout and brown trout peritoneal cavities.
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Introduction

Acoustic transmitters are used to track fish
movements over time and space (Leber and
Blankenship 2011). Transmitters are typically
surgically inserted into the fish peritoneal cavity to
maximize tag retention and minimize drag on the fish
during swimming (Henderson et al. 1966; Wargo
Rub et al. 2014). To promote healing and tag
retention, transmitter incision sites have been closed
with surgical staples, monofilament or silk sutures,
cyanoacrylate, or a combination of these methods
(Wagner et al. 2011; Wargo Rub et al. 2014). Issues
with these wound closure techniques include
inflammation around the incision site, poor healing,
loss of sutures in the aquatic environment, risk of
puncturing of organs with the suturing needle, and
accumulation of organic matter on suture sites
(Swanberg et al. 1999; Wagner et al. 2000; Wargo
Rub et al. 2011; Schoonyan et al. 2017).
Furthermore, because fish live in an un-sterile
aqueous environment, suturing surgical wounds is no
guarantee against pathogen entry (Wagner et al.
2011).

Post-tagging wound closure without the use of
sutures, staples, or any additional measures has only
been lightly evaluated. Skov et al. (2005)

recommended not using sutures during surgical PIT
tag implantation in small cyprinids. Baras and
Jeandrain  (1998) reported that eels (Anguilla
anguilla) tagged without sutures had faster healing
rates than those with sutures. Additionally, unsutured
eels experienced no tag loss. Wargo Rub et al. (2011)
reported increased survival in Chinook salmon
(Oncorhynchus tshawytscha) that lost one or both
sutures within seven days of surgery compared to
those that retained their sutures.

Because of the lack of information on suture-less
surgery for acoustic tag insertion, the objective of this
study was to evaluate acoustic tag loss and wound
healing in rainbow trout (Oncorhynchus mykiss) and
brown trout (Salmo trutta) not receiving any method
of wound closure.

Methods

This study was conducted at McNenny State Fish
Hatchery (Spearfish, South Dakota, USA) using 26
adult Shasta strain rainbow trout and 26 adult
Saratoga strain brown trout (Table 1). Thirteen fish
from each species were randomly assigned to one of
two treatments, tagged or incision-only. All fish
received a small incision, with only the fish in the
tagged treatment receiving a dummy acoustic
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transmitter. A dummy transmitter was not inserted
into the incision-only treatment group. Mean (SE)
tag-to-body ratio for rainbow trout and brown trout
was 0.96 (0.05)% and 1.09 (0.05)%, respectively.

Fish surgeries were performed by a single trained and
experienced surgeon (Jepsen et al. 2002; Mulcahy
2003; Deters et al. 2010) on June 22, 2018. Prior to
surgery, fish were anesthetized using tricaine
methanosulfate ~ (MS-222;  Syndel,  Ferndale,
Washington, USA), to stage 4 anesthesia (Hikasa et
al. 1986). After anesthetization, fish were
individually measured to the nearest mm, weighed to
the nearest g, and assigned to either the treatment or
control group. Adipose fins were removed from the
control fish to differentiate them from any treatment
fish with potential ejected tags. A small incision was
made into the right ventral side of each fish
approximately 1 cm anterior to the pelvic fins and in
line with the pectoral fins using an alcohol-sterilized
precision knife (X-ACTO, Elmer’s Products, High
Point, North Carolina, USA). The incision was
approximately 6 mm long and just deep enough to
open into the peritoneal cavity. After the incision was
made, a dummy acoustic transmitter (9 x 24 mm, 3.6
g weight in air; VEMCO, Bedford, Nova Scotia,
Canada) was inserted through the incision into the
peritoneal cavity of the treatment fish. The incision-
only fish did not receive a dummy transmitter. Both
the treatment and incision-only fish were placed into
clean water for recovery and were briefly monitored
to ensure that no excessive blood loss occurred.

The fish were held in in two concrete raceways (4.7
m long X 2.4 m wide x 0.5 m deep), with each species
in its own distinct raceway. Each raceway received
well water at a constant temperature of 11°C (water
hardness as CaCO3; = 360 mg/L, alkalinity as CaCOs
= 210 mg/L, pH = 7.6, total dissolved solids = 390
mg/L) for the 13-week duration of the study. Fish
were fed 4.5 mm extruded floating feed (Classic
Trout, Skretting USA, Tooele, Utah, USA) once daily
to satiation. At seven-day intervals, each fish was
anesthetized and inspected for tag loss and wound
images were recorded using a digital camera. Each
image was subsequently scored on two criteria based
on wound healing (closure) and inflammation
(redness) at the wound site by three individuals using
an adaptation of the Paukert et al. (2001) method
(Table 2; Figure 1). An average of the three scores
for each photograph was then used for subsequent
analysis. Tag retention was calculated using the
formula: retention (%) = 100 x (initial number of fish
tagged/final number retaining tags). Tag retention
was verified by dissection at the end of the study.

Data was analyzed with the SPSS (24.0) statistical

analysis program (IBM, Chicago, lllinois, USA)
using T-Tests. Significance was pre-determined at p
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< 0.05.

Results

Tag retention was 100% and 84.7% in the rainbow
trout and brown trout tagged groups respectively. The
tags lost in the two brown trout were both ejected
from the incision site. One tag was lost during the
second week after tagging while the wound was still
healing. The second tag loss occurred after complete
wound closure at week nine. Dissection at the end of
the study revealed that most of the tags remained
loose in the peritoneal cavity, while a small number
were encased in body tissue.

Both trout species with tags had significantly longer
healing times than the trout that only received an
incision (Table 3). Wound closure times were nearly
identical between the tagged rainbow trout and brown
trout, and very similar between the incision-only fish
in each species. Inflammation was significantly
higher in the tagged fish in comparison to the
complete absence of any visible inflammation in the
incision-only trout. However, inflammation values
were very low overall. All fish survived this
experiment.

Both species of fish returned relatively quickly to
their pre-surgery routines. Rainbow trout began
feeding one day after the surgery. It took until three
days post-surgery for all brown trout to resume
feeding. Buoyancy problems were not observed in
any fish. Neither did any fish show any visible
negative effects of water infiltration into the wound
site.

Discussion

The results of this study validate the use of a small,
non-sutured incision for acoustic tag insertion in
salmonids. The 100% survival and high tag retention
rates were better than or similar to other studies
where surgical incisions for tag insertion were
sutured. For example, Urbaniak et al. (2016) reported
73% retention and 60% survival for sutured rainbow
trout. Similarly, Bunnell and Isely (1999) observed
73 to 88% tag retention and 75 to 93% survival in
sutured rainbow trout receiving transmitters. Just as
with the present study, tag-to-body ratios in the
Urbaniak et al. (2016) and Bunnell and Isely (1999)
studies were all less than the two percent threshold
recommended by Jepsen et al. (2005). Higher tag-to-
body ratios may negatively impact tag retention
(Rechisky et al. 2009: Smircrich and Kelly 2014).,
although other studies have reported good tag
retention results at ratios greater than two percent
(Brown et al. 1999; Chittenden et al. 2009; Rechisky
and Welch 2009; Smircrich and Kelly 2014; Klinard
et al. 2018).

The wound healing times of six-to-seven weeks for

Volume 9 - March 2020 (03)


http://www.ijsciences.com/

Suture-less Implantation of Acoustic Transmitters in Two Salmonids

tagged fish in this study are typical for trout
undergoing surgery at the hatchery. Prior unpublished
observations indicated wound closure times from
four-to-six weeks in untagged and tagged rainbow
trout receiving sutures. In walleye (Sander vitreus)
partial wound closure occurred at nine weeks post-
surgery, with complete closure after 21 weeks
(Schoonyan et al. 2017). And in channel catfish
(Ictalurus punctatus) healing of a relatively lengthy
incision with no wound closure took approximately
four weeks (Carmichael 1991). The extremely small
incision used in the current study likely facilitated the
rapid healing properties of the trout integument
(Noga 2000; Fotenot and Neiffer 2004).

In comparison to suture-based wound closure
techniques, there was little to no inflammation
observed in this study. This is likely due to the
absence of sutures. Suturing materials are known to
induce inflammatory responses in fish (Mulcahy
2003; Wagner et al. 2011). In addition, the small
puncture method used in this current study likely
caused less trauma around the surgical site compared
to a longer incision. The relative lack of wound
inflammation in this study may also be due to the
relatively low water temperature used. Higher
temperatures have been related to increased wound
inflammation in salmonids and other fish species
(Knights and Lasee 1996; Bunnell and Isely 1999;
Deters et al. 2010).

The ventral surface of the fish is the most accepted
location for surgical procedures (Mulcahy 2003;
Wargo Rub et al. 2014) with most incisions occurring
just off the linea alba (Wagner et al. 2011). The
lateral surgical site in this study was chosen in an
attempt to prevent tag loss through the un-sutured
hole left behind following insertion. Lateral incisions
may be problematic however and have been
associated with increased mortality in brown trout
(Clapp et al. 1990), and an increased risk of ovarian
puncture (Schramm and Black 1984). The high
survival, lack of irritation, rapid wound healing, and
high tag retention in the current study indicates the
acceptability of using a lateral incision with the
novel, non-sutured, surgical technique.

The non-suture method of tag insertion described in
this study likely has additional benefits beyond the
excellent tag retention, rapid wound closure, and lack
of inflammation. It should be considerably faster to
perform than surgical methods using sutures or more
extensive wound closure techniques, although this
needs to be verified in future studies. Faster surgery
means less time for the fish to be under anesthesia
and less time out-of-the-water. In addition, not
having to tie precise suturing knots decreases the risk
of organ puncture, negates the need for a skilled
surgeon, and eliminates the skilled surgeon-to-skilled
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surgeon variation in wound healing (Deters et al.
2010).

In conclusion, the surgical technique to insert an
acoustic transmitter described in this study using
small incision without any wound closure appears to
be very safe and extremely effective, at least with the
fish and tag sizes used. Additional research is
obviously needed to directly compare this technique
with the traditional suturing method, as well as with
other sizes of tags and other species and sizes of fish.
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Table 1. Mean (SE) initial lengths and weights for rainbow trout and brown trout subjected to either dummy
transmitter implantation (treatment) or just a surgical incision (control) (N = 13).

Species Group Length (mm) Weight (g)
Rainbow trout Incision-only 344 (6) 539 (31)
Tagged 319 (5) 393 (25)
Brown trout Incision-only 289 (7) 357 (34)
Tagged 291 (4) 337 (17)

Table 2. Scoring criteria for wound gape severity and wound redness severity used to determine surgical wound
healing for rainbow trout following dummy acoustic transmitter insertion surgery and utilizing three different wound
closure methods.

Score Wound Healing Wound Redness
0 Complete closure No redness present
1 Closure of < 50% Redness localized to incision/suture site
2 No closure Redness extended beyond incision/suture site
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Table 3. Mean (SE) weeks required for 50% and complete wound closure, and the duration of visible inflammation
in rainbow trout and brown trout subjected to a small surgical incision, with or without the insertion of a dummy
acoustic transmitter tag. Means in a row followed by a different letter are significantly different (P < 0.05; N = 13).

Incision-Only Tagged

Rainbow trout

Weeks to 50% wound closure 19(11)a 4.9 (0.6)b

Weeks to complete wound closure 5.0(0.2)a 6.3(1.3)b

Weeks of inflammation 0.0(0.0)a 0.7(1.2)b
Brown trout

Weeks to 50% wound closure 1.6 (1.0)a 4.9(0.8)b

Weeks to complete wound closure 4.1(0.6)a 6.3(1.0)b

Weeks of inflammation 0.0 (0.0)a 0.2(0.4)b

Figure 1. Photographs of rainbow and brown trout representing various stages of healing. The number on each
photograph designates the wound closure or redness/inflammation score.
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