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Abstract

Acoustic telemetry studies of flatfish have typically relied on an external transmitter attachment. We propose to
initiate long-term monitoring of adult English sole (Pleuronectes vetulus Girard) movements in Puget Sound,
Washington, USA. The transmitters we use have a 2-year battery life, and we are concerned that external attach-
ment might result in increased tag loss or predation risk over the course of this study. Consequently, we conducted
a laboratory study to assess the feasibility of surgically implanting the transmitters. Dummy transmitters were
constructed with the exact dimensions and weight of the study transmitters (5 g in air, 9x30 mm) and coated with
an epoxy resin. We collected adult English sole (>27 cm and 200 g) from Eagle Harbor, Washington, and tested
insertion of a dummy transmitter into the peritoneal cavity from either the blind or eyed sides of the fish. A total
of ten fish were assigned to each treatment group: blind-side insertion, eyed-side insertion and control. Two fish
from each treatment were housed in each of five 1.2-m diameter tanks for 1 month. Fish were fed three times per
week, and we noted their behavior for 10 minutes during each feeding. During the experiment, only one fish died
(a control) and no transmitters were expelled. In addition, we found that fish from both treatments were active
and exhibited normal feeding behavior relative to controls. At the conclusion of the experiment, all fish were
weighed and sacrificed. Analysis of variance indicated no significant tank or treatment effects on weight gain.
Necropsy revealed greater inflammation and fibrosis of the peritoneal side of the incisions made on the blind side
relative to those on the eyed side. Therefore, we concluded that surgical implantation of transmitters into the peri-
toneal cavity is a viable option for long-term studies of flatfish movements, and we recommend insertion from
the eyed-side of the fish.
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Introduction

Acoustic telemetry studies of flatfish have typically
relied on external transmitter attachment. Most of
these studies either used large fish or were conduct-
ed over a relatively short time period (Greer Walker
et al., 1978; 1980; Sureau and Lagardere, 1991;
Metcalfe et al., 1993; Szedlmayer and Able, 1993).
For studies using small fish, surgical implantation of
the transmitter was not an option due to inadequate
body cavity size. In studies using larger fish, the
external attachment has apparently not affected fish
movements or mortality over periods of greater than
one year (G. P. Arnold, CEFAS Lowestoft
Laboratory, Suffolk, UK, personal communication).

We propose to use acoustic telemetry to conduct
long-term monitoring of adult English sole
(Pleuronectes vetulus Girard) movements in Puget
Sound, Washington, USA. The transmitters we use
have a 2-year battery life. We are concerned that
external attachment of these transmitters on such a
small flatfish for long periods of time might result
in increased tag loss. Moreover, external attach-
ment might affect fish behavior or make the tagged
fish more vulnerable to predation during the course
of the study. With the miniaturization of acoustic
transmitters, it is now possible to surgically
implant the transmitters into the body cavity of
small flatfish. We therefore investigated the feasi-
bility of surgically implanting acoustic transmitters
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into the peritoneal cavity of adult English sole of at
least 27 cm total length.
A number of metrics have been used to assess the
effects of surgically implanting transmitters in fish,
including survival, growth, swimming perform-
ance, buoyancy compensation, physiological
stress, dominance, predator avoidance and feeding
(e.g., Mellas and Haynes, 1985; Moore et al.,
1990; Adams et al., 1998a; 1998b; Martinelli et al.,
1998, Thorstad et al., 2000; Jepsen et al., 2001;
Perry et al., 2001). We felt that for English sole the
most sensitive indicator of transmitter implant
effects would be feeding behaviour, as the body
cavity is small and the presence of the transmitter
could physically affect the ability to feed to satia-
tion. Therefore our objectives were to 1) determine
whether sole would expel the transmitters as docu-
mented in other fish species (e.g., Chisholm and
Hubert, 1985; Marty and Summerfelt, 1986;
Lucas, 1989; Moser et al., 2000) and 2) determine
whether feeding activity of English sole is affected
by the presence of a transmitter in the peritoneal
cavity. In addition, we compared the effects of
transmitter insertion from both the blind and eyed
sides of the fish to establish the best protocol for
surgically implanting transmitters in this, and pos-
sibly other, flatfish species.

Materials and methods

Dummy transmitters were constructed with the
exact dimensions and weight of an actual transmit-
ter (5 g in air, 9x30 mm) and coated with epoxy
resin. We collected adult English sole with an otter
trawl from our study location in Eagle Harbor,
Washington, USA. The fish were placed in a live
tank onboard the vessel and those greater than 27
cm total length and 200 g in weight were trans-
ferred to the laboratory. The sole were acclimated
to laboratory conditions in 1.2-m diameter, flow-
through tanks for 1 week prior to implanting the
transmitters.
Each fish was anaesthetized using a sedative dose
of tricaine methanesulfonate (MS-222, 25 ppm) for
15 min and then transferred to a surgery bath with
a higher concentration (80 ppm) for 5 min. We

weighed (nearest g) and measured (nearest mm)
each fish prior to surgery. A 2-cm horizontal,
antero-posterior incision was made in the body
wall on either the blind side or the eyed side (Fig.
1), and a dummy transmitter was inserted into the
posterior region of the peritoneal cavity so that it
rested in a dorso-ventral plane just anterior to the
gonad. The incision was closed using two or three
simple, interrupted, non-absorbable sutures closed
with a surgeon’s knot. We then irrigated the inci-
sion with oxytetracycline and swabbed it with a
triple antibiotic ointment. Controls were handled
but not anaesthetized.
There were a total of ten fish for each of the three
treatments: blind-side incision, eyed-side incision
and control. Two fish from each of the three treat-
ments were then housed in each of five 1.2-m
diameter tanks with running seawater at 17 ∞C for
1 month. After 1 week we initiated feeding exper-
iments. The fish were fed chopped clams three
times per week at a ration of 2.5% of their start-
ing body weight as computed for each tank.
During each feeding we noted their behaviour for
the first 10 min after food was introduced into the
tank and we recorded each time a fish ingested
some food (referred to as a “bite”). At the conclu-
sion of the experiment, all fish were weighed and
sacrificed. We examined the tag and incision for
signs of inflammation, incision closure and host
reaction.

Results

Only one fish died (a control) and no transmitters
were expelled. During the first two weeks of the
experiment, most fish did not feed much and only
certain individuals fed readily, regardless of treat-
ment (Fig. 2). As the experiment progressed, more
fish fed, and we found that fish from both tagged
treatments were active and exhibited normal feed-
ing behaviour relative to controls. We tested for
treatment and tank effects on percent weight
change (arcsin square root transformed; Zar, 1984)
using analysis of variance. Because most fish lost
weight during the course of the experiment (Fig.
3), we added 0.2 to the proportional change in
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weight recorded for each fish. We found no signifi-
cant effects of tank, treatment, or tank by treatment
interaction (p>0.05). Therefore, we pooled the data
across tanks, but still found no significant treatment
effect (df=2, F=0.29, P=0.75).

When we necropsied the fish, we found that all but
three were females. In all fish the incision had
closed completely and in many cases the scar was
barely visible. However, we found that 30% of the
fish tagged from the blind side had intraperitoneal

Fig. 1 – Typical locations of the incision made on the eyed- (top photo) and blind-(bottom photo) side of English sole
(photos taken 2 weeks after surgery).
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Fig. 2 – Percentage of bites made by fish of each treatment (controls in white, blind-side incision in black, and eyed-
side incision hatched) in each tank during the course of the experiment. For example, on day 11 in tank 3 all bites were
made by fish tagged from the blind side.

Fig. 3 – Change in weight during the course of the experiment for each treatment group: controls (open diamonds),
blind-side incision (solid circles), and eyed-side incision (solid triangles).
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fibrous adhesions to the incision and/or that the inci-
sion on the peritoneal side showed signs of inflam-
mation (as opposed to 10% of the fish tagged from
the eyed side). For both treatments, the tags were
oriented in the same direction in the body cavity
(perpendicular to the body axis and angled slightly
with the ventral end of the tag more anterior than the
dorsal end of the tag) and they did not appear to
have shifted from their initial position at insertion.
We found that opaque, fibrous tissue had started to
encapsulate the tags in 30% of the fish tagged from
the blind side and 40% of the fish tagged from the
eyed side. However, there was no indication that the
fibrous capsule was attached to the digestive tract
nor evidence of muscle necrosis in the peritoneal
wall adjacent to the tags in any of the fish.

Discussion

We concluded that surgical implantation of trans-
mitters into the peritoneal cavity is a viable option
for long-term studies of flatfish movements. As
reported by Lucas (1989), we found some encapsu-
lation of the tag, but there was no indication that this
would result in future tag expulsion. The tags were
probably too large for trans-intestinal expulsion (as
in Marty and Summerfelt, 1986), and we found no
evidence of muscle necrosis adjacent to the tag (a
precursor of expulsion across the body wall, Lucas,
1989). Moreover, all incisions were completely
closed, and in many cases the scars were barely vis-
ible after one month. There is some possibility that
tag expulsion may occur as the gonads in English
sole develop. However, due to the position of the tag
in the body cavity, we believe that the risk of trans-
mitter expulsion will be minimal.
While nearly all fish lost weight during the course of
our study, there was no evidence that feeding was
impaired by the presence of the transmitter in the
body cavity. Similar studies of relatively large trans-
mitter implants (2.3-5.5% of body weight) in juve-
nile chinook salmon (Oncorhynchus tshawytscha)
also indicated that feeding was not affected by sur-
gical implantation of the tags, while gastric implants
did affect feeding (Adams et al., 1998a). We found
leftover food in the tanks as much as 2 days after

feeding, indicating that the ration was not limiting.
Yet, individual variation in food intake by the
English sole was high. Many fish (both tagged and
controls) did not feed at all, while others consumed
food regularly. This may have resulted from the rel-
atively short time fish were allowed to acclimate to
captivity prior to tag implantation. McCain et al.
(1978) noted that adult English sole held in captiv-
ity required over 3 months to start gaining weight.
Nevertheless, in our experiment some of the fish
that ate most readily and took the most bites were
those bearing tags, indicating that the tag did not
prevent sole from feeding to satiation.
Our results suggested that inserting tags from the
eyed side is preferable to blind-side insertion. This
is primarily due to the fact that the incisions on the
blind side were more subject to friction and abrasion
during fish movements, and this could be more of a
problem when the blind side of fish is exposed to
sediment. Exposure of the blind-side incision to sed-
iment not only increases the chance of abrasion,
incomplete incision closure, and resultant peritoneal
inflammation, but also increases the chances of
opportunistic bacterial and viral infection and asso-
ciated negative sequelae. In the only other pilot
study that has used surgical implants of acoustic
transmitters in flatfish, insertion was done on the
eyed side of sole (Solea solea) for the same reasons
(M. Begout-Anras, CREMA, L’Hommeau, France,
personal communication).

Acknowledgements

We thank the crew of the Chasina for their help in
procuring the fish. Paul Plesha maintained the sea-
water system during the course of the experiments
and Cathy Laetz, Aimee Fullerton, and Sean Sol all
helped to make behavioral observations. This work
was funded by a Northwest Fisheries Science
Center Internal Grant and the Washington
Department of Fish and Wildlife.

References

Adams, N.S., Rondorf, D.W., Evans, S.D. & Kelly, J
E. 1998a. Effects of surgically and gastrically



274

implanted radio transmitters on the growth and
feeding behavior of juvenile chinook salmon.
Trans. Am. Fish. Soc., 127: 128-136.

Adams, N.S., Rondorf, D.W., Evans S.D., Kelly, J.E.
& Perry, R.W. 1998b. Effects of surgically and gas-
trically implanted radio transmitters on swimming
performance and predator avoidance of juvenile
chinook salmon (Oncorhynchus tshawytscha).
Can. J. Fish. Aquat. Sci., 55: 781-787.

Chisholm, I.M. & Hubert, W.A. 1985. Expulsion of
dummy transmitters by rainbow trout. Trans. Am.
Fish. Soc., 114: 766-767.

Greer Walker, M., Harden Jones, F.R. & Arnold, G.P.
1978. The movements of plaice (Pleuronectes
platessa L.) tracked in the open sea. J. du Conseil,
38: 58-86.

Greer Walker, M., Riley, J.D. & Emerson, L. 1980.
On the movements of sole (Solea solea) and dog-
fish (Scyliorhinus canicula) tracked off the East
Anglican Coast. Neth. J. Sea Res., 14: 66-77.

Jepsen, N., Davis, L.E., Schreck C.B. & Siddens, B.
2001. The physiological response of chinook
salmon smolts to two methods of radio-tagging.
Trans. Am. Fish. Soc., 130: 495-500.

Lucas, M.C. 1989. Effects of implanted dummy
transmitters on mortality, growth and tissue reac-
tion in rainbow trout, Salmo gairdneri
Richardson. J. Fish Biol., 35: 577-587.

Martinelli, T.L., Hansel, H.C. & Shively, R.S. 1998.
Growth and physiological responses to surgical
and gastric radio transmitter implantation tech-
niques in subyearling chinook salmon
(Oncorhynchus tshawytscha). Hydrobiologia,
371/372: 79-87.

Marty, G.D. & Summerfelt, R.C. 1986. Pathways and
mechanisms for expulsion of surgically implanted
dummy transmitters from channel catfish. Trans.
Am. Fish. Soc., 115: 577-589.

McCain, B.B., Hodgins, H.O., Gronlund, W.D.,
Hawkes, J.W., Brown, D.W., Myers, M.S. &
Vandermeulen, J.H. 1978. Bioavailability of crude
oil from experimentally oiled sediments to English

sole (Parophrys vetulus), and pathological conse-
quences. J. Fish. Res. Bd. Can., 35: 657-664.

Mellas, E.J., & Haynes, J.M. 1985. Swimming per-
formance and behavior of rainbow trout (Salmo
gairdneri) and white perch (Morone americana):
effects of attaching telemetry transmitters. Can. J.
Fish. Aquat. Sci., 42: 488-493.

Metcalfe, J.D., Holford, B.H. & Arnold, G.P. 1993.
Orientation of plaice (Pleuronectes platessa) in
the open sea: evidence for the use of external
directional clues. Mar. Biol., 117: 559-566.

Moore, A., Russell, I.C. &. Potter, E.C.E. 1990. The
effects of intraperitoneally implanted dummy
acoustic transmitters on the behaviour and physi-
ology of juvenile Atlantic salmon, Salmo salar L.
J. Fish Biol., 37: 713-721.

Moser, M.L., Bain, M., Collins, M.R., Haley, N.,
Kynard, B., O’Herron II, J.C., Rogers, G. & Squiers,
T.S. 2000. A protocol for use of shortnose and
Atlantic sturgeons. NOAA Technical Memorandum
NMFS-OPR-18, Maryland, Silver Spring.

Perry, R.W., Adams N.S. & Rondorf, D.W. 2001.
Buoyancy compensation of juvenile chinook
salmon implanted with two different size
dummy transmitters. Trans. Amer. Fish. Soc.,
130: 46-52.

Sureau, D. & Lagardere, J.P. 1991. Coupling of heart
rate and locomotor activity in sole, Solea solea
(L.), and bass, Dicentrarchus labrax (L.), in their
natural environment by using ultrasonic teleme-
try. J. Fish Biol., 38: 399-405.

Szedlmayer, S.T. & Able, K.W. 1993. Ultrasonic
telemetry of Age-0 summer flounder,
Paralichthys dentatus, movements in a southern
New Jersey estuary. Copeia, 1993: 728-736.

Thorstad, E.B., Okland, F. & Finstad, B. 2000.
Effects of telemetry transmitters on swimming
performance of adult Atlantic salmon. J. Fish
Biol., 57: 531-535.

Zar, J. H. 1984. Biostatistical Analysis. Englewood
Cliffs, New Jersey, Prentice-Hall, Inc. 718 pp.




