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Abstract The intracoelomic surgical implantation of

electronic tags (including radio and acoustic telemetry

transmitters, passive integrated transponders and archi-

val biologgers) is frequently used for conducting studies

on fish. Electronic tagging studies provide information

on the spatial ecology, behavior and survival of fish in

marine and freshwater systems. However, any surgical

procedure, particularly one where a laparotomy is

performed and the coelomic cavity is opened, has the

potential to alter the survival, behavior or condition of

the animal which can impair welfare and introduce bias.

Given that management, regulatory and conservation

decisions are based on the assumption that fish

implanted with electronic tags have similar fates and

behavior relative to untagged conspecifics, it is critical

to ensure that best surgical practices are being used.

Also, the current lack of standardized surgical proce-

dures and reporting of specific methodological details

precludes cross-study and cross-year analyses which

would further progress the field of fisheries science. This

compilation of papers seeks to identify the best practices

for the entire intracoelomic tagging procedure including

pre- and post-operative care, anesthesia, wound closure,

and use of antibiotics. Although there is a particular

focus on salmonid smolts given the large body of

literature available on that group, other life-stages and

species of fish are discussed where there is sufficient

knowledge. Additional papers explore the role of the

veterinarian in fish surgeries, the need for minimal

standards in the training of fish surgeons, providing a

call for more complete and transparent procedures, and

identifying trends in procedures and research needs.

Collectively, this body of knowledge should help to

improve data quality (including comparability and

repeatability), enhance management and conservation

strategies, and maintain the welfare status of tagged fish.
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Background

Electronic tags have been used for decades to gain a

better understanding of the behavior and survival of
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free-swimming fish in marine (Arnold and Dewar

2001; Sibert and Nielsen 2001) and freshwater (Lucas

and Baras 2000) systems. Today, there are a range of

electronic tag technologies including transmitters (e.g.,

radio telemetry, acoustic telemetry, passive integrated

transponders [PIT]; reviewed in Lucas and Baras 2000;

Cooke et al. 2004; Cooke 2008), and archival biolog-

gers (Sibert and Nielsen 2001; Block 2005), all of

which can be affixed to fish in different ways. Early

tagging approaches tended to focus on external tagging

or gastric implantation, however, both of these tech-

niques have a number of limitations (Bridger and

Booth 2003). External tag retention can be poor and the

tag can induce drag that impairs swimming ability,

accelerates energy use, and may facilitate predation

(Thorstad et al. 2001). Gastric tag retention can also be

relatively poor (Mellas and Haynes 1985; Brown et al.

2009) although retention time can be increased on fish

that are not eating (e.g., adult migratory Pacific salmon,

Oncorhynchus spp.; Ramstad and Woody 2003) or if

tag ingestion is voluntary (Winger and Walsh 2001),

but otherwise it can impede digestion and will even-

tually be shed. While external and gastric techniques

are relatively simple and non-invasive, their short-term

retention (i.e., days to weeks) tends to make them

undesirable for longer-term studies (i.e., weeks to

years). As such, one of the most common approaches

for tagging fish is the use of surgical procedures where

a laparotomy is performed to enable the intracoelomic

(note–some of the literature refers to tag placement as

being ‘‘intraperitoneal’’ which is less correct that the

term ‘‘intracoelomic’’ that we have decided to use

throughout this special issue upon extensive consulta-

tion with veterinary professionals) implantation of the

electronic tag. Given the relative invasiveness of this

procedure, it is important that investigators have a

thorough understanding of the techniques used to

implant electronic tags and all of the activities

associated with implantation.

One of the first detailed accounts of intracoelomic

implantation of electronic tags was in a study by Hart

and Summerfelt (1975) where they implanted radio

transmitters into the coelom of flathead catfish

(Pylodictis olivaris). Since that seminal report,

numerous research studies have been conducted with

the objective of improving techniques used to implant

transmitters in fish (for reviews, see Summerfelt and

Smith 1990: Harms and Lewbart 2000; Jepsen et al.

2002; Mulcahy 2003; Cooke and Wagner 2004;

Wagner and Cooke 2005). Despite the extent of

research that has been performed on surgical implan-

tation of electronic tags into fish, there still are

differences in the techniques used among researchers.

In addition, it is evident from photographs shown

during scientific presentations, in images and videos

posted on the internet, and in technical reports and

peer reviewed papers, that there are many profes-

sional fish biologists using antiquated implantation

techniques or equipment that have the potential to

lead to an undesirable outcome. To date, there is no

synthesis published evaluating all aspects of the

intracoelomic implantation of electronic tags in fish

covering a range of species and tag types. Hence, the

goal of this collection of papers is to provide such a

document of the best available science for the

intracoelomic implantation of electronic tags in fish

to advance the practice and thus improve surgical

outcomes, provide better data and ensure that the

welfare status of tagged fish is maintained. The

objective of this introductory paper is to emphasize

the practical and ethical context for this compilation

and to provide a brief overview of the content of the

various papers and how they are interconnected.

Although the special issue attempts to be broadly

useful for those wishing to tag a variety of species

with a range of tag types in many jurisdictions, the

genesis of the special issue was the tagging of Pacific

salmon smolts in the Columbia Basin, USA. There

are many groups that routinely conduct biotelemetry

studies on juvenile salmonids within the Columbia

Basin using a wide range of techniques for surgical

implantation. A lack of consistency in implantation

techniques among studies (which can be influenced

by research group, project or year) can make the

comparison of results between studies more difficult

or impossible. The need for a single set of guidelines

based on scientific research is important when you

consider that the U.S. Army Corps of Engineers

(USACE) currently funds studies that result in the

release of over 120,000 electronic tags (acoustic,

radio, inductive) per year in the Columbia Basin.

Moreover, given the large amount of funding

invested in tagging studies and the fact that manage-

ment, conservation and legal decisions are often

based on the outcome of tagging studies, it is critical

that the techniques used are the best possible and are

able to withstand the scrutiny of the courts. This

special issue extends beyond the focus on Pacific
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salmon smolts in the Columbia basin, to also draw

upon the broader literature. However, several of the

‘‘how to’’ papers within this issue including the ones

on anesthesia (Carter et al. 2011), pre- and post-

surgical care (Oldenburg et al. 2011), water quality

and conditioners (Harnish et al. 2011), and the

incision and wound closure (Wagner et al. 2011)

rely heavily on data on salmon smolts given that they

are so widely studied and thus provide a useful

framework for how other taxa-specific guidelines

could be developed. Other papers are intentionally

broad, covering all existing studies on intracoelomic

implantation of electronic tags in fish.

Each of the papers in this special issue includes a

thorough review of the literature in an effort to provide

a scientific background on intracoelomic implantation.

We have endeavored to have each set of authors supply

researchers with the reasons why certain procedures

should be used instead of simply providing a list of

procedures. However, research performed in several

areas of fish surgical implantation has been insufficient

to allow researchers to base their methodology on

empirical science. Therefore, some techniques used for

implantation of electronic tags often are based on

recommendations from veterinarians or from years of

experience by fisheries researchers. The papers in this

special issue delineate the difference between methods

based on these two different sources. When a scientific

basis is not available for a certain surgical method,

suggestions are provided for future research that could

provide one (See Cooke et al. 2011b for research

agenda). When researchers think of intracoelomic

implantation, it is likely that their focus is on the

surgical procedure itself. As evident in Table 1, the

actual surgical procedure represents a small (but

important) component of the entire implantation

process. The special issue addresses nearly all aspects

of the entire implantation process in order to emphasize

the interconnectedness of the various stages and to

remind potential fish surgeons that there are many

ways in which the surgical outcome can vary for the

fish independent of techniques used during the

laparotomy.

Overview of special issue

The first paper in the special issue is focused on

surgical training, an often overlooked aspect of any

intracoelomic electronic tagging study. Cooke et al.

(2011a) summarize literature from the veterinary

science, human medicine and more recently, fisheries

research that demonstrates relationships between

factors such as training and surgical experience with

the outcome of the surgical procedures. Such rela-

tionships emphasize the need for rigorous training

and evaluation for fish surgeons. However, there are

currently no guidelines or consistent training methods

for those intending to implant electronic tags in fish.

In an effort to emphasize the need for training, the

authors present an overview of common surgical

errors with an extensive series of photographic plates.

The authors identified attributes related to knowl-

edge, understanding, and skill that they argue should

be demonstrated by potential surgeons prior to

performing fish surgery. Further, the authors suggest

that training include a ‘‘hands on’’ assessment using

live fish to evaluate surgical outcomes. Cooke et al.

(2011a) developed a suite of core competencies that

should be required of surgeons and outline a 3-day

curriculum for training surgeons to conduct intraco-

elomic implantation of electronic tags in fish. If

adopted, this curriculum has the potential to elevate

the practice of fish surgery.

Also included in this special issue is a paper by

Harms and Lewbart (2011), two veterinarians with

extensive experience in intracoelomic surgeries on

fish. Given their background, they were able to offer

a unique perspective on the potential role of vets in

the surgical implantation of electronic tags in fish.

The authors acknowledge that the current role of

veterinarians participating in the intracoelomic sur-

gical implantation of electronic tags in fisheries

research projects is limited, but could be expanded.

Of particular relevance to fisheries scientists is the

fact that veterinary training is broadly applicable to

conducting surgeries on any species, and there are

increasing numbers of veterinarians with fish-specific

experience. Harms and Lewbart (2011) identified a

number of roles that veterinarians can play including

advising on surgical instrument selection and acqui-

sition, interfacing with Institutional Animal Care and

Use Committees, devising strategies for anesthesia,

complying with regulatory requirements, providing

individualized surgery instruction, and occasionally

performing field surgeries. The authors are clear that

the role of the veterinarian is not to replace ‘‘non-

veterinary’’ fish surgeons. In an attempt to break
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Table 1 Components of the intracoelomic electronic tagging process that are addressed in this issue organized in approximate order

of completion

Component Relevant Papers From Special Issue (Bolded) and Elsewhere

Preparation

Review literature to obtain information on best practices and lessons

learned from studies on conspecifics or closely related taxa (where

available)

Bridger and Booth 2003; Jepsen et al. 2002; Mulcahy 2003; All
papers in special issue; See Cooke et al. 2011b for review; Loher

and Rensmeyer 2011

Consult veterinarians and others with relevant experience/knowledge Harms and Lewbart 2011; Thiem et al. 2011

Develop tagging SOP that uses standardized techniques to the extent

possible

All papers

Apply for animal care clearance from relevant authority Thiem et al. 2011

Apply for scientific collection permit from relevant authority NA

Develop biosecurity protocol NA

Order tagging supplies and develop surgery suite NA

Train staff and provide opportunities to practice surgery on live fish

similar to those that will be used for formal study

Cooke et al. 2011a

Capture and pre-operative handling

Capture/obtain fish using least injurious and stressful means Oldenburg et al. 2011

Monitor water quality Oldenburg et al. 2011

Monitor fish health Oldenburg et al. 2011

Minimize handling to reduce injury and stress Portz et al. 2006; Harmon 2009; Oldenburg et al. 2011

Use water conditioners Harnish et al. 2011

Clean tools, electronic tag and surgical suite in preparation for surgery Mulcahy 2003; Harms and Lewbart 2000; Chomyshyn et al. 2011;

Harms and Lewbart 2011; Mulcahy 2011

Anesthesia and surgery

Anesthetize fish and transfer to surgery suite Ross and Ross 2008; Carter et al. 2011

Perform laparotomy (incision) Wagner et al. 2011

Insert electronic tag Wagner et al. 2011

Use antibiotics if advisable Mulcahy 2011

Close incision Mulcahy 2003; Wagner et al. 2011

Post-operative care and release

Resuscitate fish as needed Oldenburg et al. 2011

Monitor water quality Oldenburg et al. 2011

Monitor fish health Oldenburg et al. 2011

Minimize handling to reduce stress and injury Portz et al. 2006; Harmon 2009; Oldenburg et al. 2011

Use water conditioners Harnish et al. 2011

Release fish at time identified based on study objectives, scientific

knowledge and fish health

Oldenburg et al. 2011

Follow-up

Submit necessary reports to animal care committee and regulatory

agencies

NA

Reflect on process to inform future study (what can be improved and

incorporated into SOP and future training)

Cooke et al. 2011a, b

Disseminate findings that include adequate detail to enable replication

of study

Thiem et al. 2011

Note that the surgical process includes much more than just the surgery itself and this is reflected in the scope of the special issue. References

bolded represent the papers in the special issue that address the different phases of the tagging process. This table assumes that it has already

been decided that some form of electronic tag technology is the best means of addressing the study objective(s) and that intracoelomic

implantation has been chosen as the means of tagging
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down some of the barriers that appear to limit

interactions with veterinarians, Harms and Lewbart

(2011) suggest that it is useful to recognize the

relative strengths and deficits of the two groups to

enable successful collaborations. In assembling this

special issue it was important to the editorial team to

include a veterinary perspective given that engaging

veterinary consultation for electronic tag implanta-

tion surgeries in fish can be a mutually beneficial

experience for the researcher and the veterinarian,

with dividends in data quality and welfare of the

research subjects.

The third paper recognizes that the care of fish

before and after surgery is critical to the outcome of

the procedure. Oldenburg et al. (2011) summarize the

sources of stress and injury for fish and their potential

negative effects during pre- and post-surgical hold-

ing. The authors examine negative aspects of han-

dling, air exposure, water quality, and holding

density, and provide recommendations to ameliorate

their potential negative influences. Literature related

to specific dynamic action, gastric evacuation, and

post-absorptive energy use are also examined and

related to pre- and post-surgical holding. The review

indicates the variability in study locations and

facilities available for holding fish and suggests the

pre- and post-surgery holding factors that should be

prioritized.

Harnish et al. (2011) examine the importance of

water conditioners for use during the process of

tagging fish to decrease disturbance to the mucus

layer. The authors examine the role of the mucus

layer and the negative implications of its disturbance.

The types of water conditioners available and the

mechanism for protecting the mucus layer are also

explored. They reviewed studies that examined the

effects of water conditioners on fish and provide

recommendations for its use in tagging procedures.

Carter et al. (2011) examine the use of tricaine

methanesulphonate (MS-222) for surgical implanta-

tion of transmitters and handling of fish associated

with implantation. They examine the role of anesthe-

sia, how users can protect themselves while using this

chemical, how it should be stored, and the ambiguity

in the state of knowledge in this area. In addition, the

authors review how this anesthetic works and provide

guidance on dosage and the length of exposure. One

critical aspect of the use of MS-222 is its proper use so

that fish are not overexposed and damaged. Carter

et al. (2011) examine the mechanisms associated with

overexposure to this anesthesia and precautions of its

administration. It is worth noting that for the purpose

of the special issue we did not dwell on anesthesia

because it is covered in depth elsewhere. However, it

is worth noting that there is need for zero-withdrawal

anesthetics as well as additional research on other

means of sedating or restraining fish for surgery

including electroanesthesia.

Chomyshyn et al. (2011) identified that aside from

a study by Wagner et al. (1999) examining wound

healing in rainbow trout (Oncorhynchus mykiss)

treated with or without betadine, there have been no

scientific evaluations of aseptic techniques and their

benefits. To address this data gap, the authors

conducted two experiments on a model species

(bluegill, Lepomis machrochirus) related to infection

control during the intracoelomic surgical implanta-

tion of electronic tags in fish. In their first experiment

they evaluated the consequences of water entering the

incision during tag implantation. Their second exper-

iment examined variation in surgical sterility, from

non-sterile to the highest grade of sterility. Chomy-

shyn et al. (2011) used a variety of endpoints (i.e.,

mortality, incision healing, physiology [glucose],

condition [plasma protein, hepatosomatic index],

and health [health assessment index]) to determine

if differences existed between the treatments.

Although the authors did not detect differences in

the surgical outcome of fish in either experiments,

they still maintain it is best to avoid introducing water

into the incision during surgery, and recommend that

fish surgeons work with veterinarians to develop

surgical protocols that attempt to balance logistical

concerns with sterility in field settings while still

maintaining a high quality of animal care.

Wagner et al. (2011) offer a review of surgical

implantation techniques for electronic tags. The

authors emphasize the importance of considering fish

size when selecting surgical implements, incision

length, transmitter placement, suture material, and

needle type to reduce fish discomfort, minimize tissue

damage, and to expedite wound healing. Particular

procedures in which human error commonly occurs

(i.e., suturing) are highlighted. Wagner et al. (2011)

suggest optimal surgical methods for juvenile salmo-

nids based on published literature, and argue the need

for standardized procedures. Practical considerations

for field-based surgeries are provided in reference to
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tool selection and sterilization. Given that optimal

procedures are not known for all steps in the surgical

process, the authors provide suggestions for future

studies.

Mulcahy (2011) provides a useful contribution on

the use (and mis-use) of antibiotics when conducting

intracoelomic implantation of electronic tags in fish.

Of particular concern is the fact that the use of single

dose antibiotics in this context are of unproven value

and this carries with it the potential for the develop-

ment of antibiotic resistance in bacteria and the

alteration of the immune response of the fish.

Moreover, Mulcahy (2011) makes a compelling case

that antibiotic use during electronic tag implantation

must conform to drug laws and regulations; including

the requirements for withdrawal times before human

consumption is a possibility. Clearly there is need for

additional research on antibiotics for surgical implan-

tation of electronic tags in fish.

Loher and Rensmeyer (2011) provide an empirical

assessment of physiological responses of Pacific

halibut (Hippoglossus stenolepis) to different config-

urations of surgical tag implantation, as well as a

review of internal tagging methods employed in

studies of flatfishes. The authors argue that while the

use of externally- attached pop-up archival transmit-

ting (PAT) tags has become commonplace with the

International Pacific Halibut Commission for inves-

tigating migration and spawning behaviors, there are

a number of questions that cannot be answered using

PAT technology (e.g., ontogenetic changes in behav-

ior), but rather are better suited to data storage tags

surgically implanted in the fish. Given the need to

recover the tag to retrieve the data, Loher and

Rensmeyer (2011) carefully consider encapsulation

of the tag as a limitation to tag recovery, and contrast

the use of fully internal tags versus those with

externally-projecting light stalks. The authors encour-

age all researchers using tagging technology to

conduct holding experiments of appropriate length

and scope to quantify the potential for tissue encap-

sulation (and possibly tag expulsion) given the

longevity of modern tag technology. Indeed, this

contribution emphasizes the need to evaluate surgical

techniques on a wide range of fish species given the

immense variation in anatomy, morphology and

biology.

Unlike the majority of other papers in this special

issue, the contribution by Thiem et al. (2011) focused

on empirical studies that used intracoelomic implan-

tation to tag fish for biological study rather than to

evaluate tagging effects per se. They argue that with a

growing number of studies that involve surgical

implantation of electronic tags, it is essential to be

able to evaluate the methods used. Only when the

methods are transparent, clear and complete may

readers undertake a complete and informed assess-

ment of a given study. The objective of the study by

Thiem et al. (2011) was to quantify the level of

‘‘completeness’’ or ‘‘repeatability’’ of surgical proce-

dures reported in tagging studies over the last

20 years. The authors reviewed a random sample of

articles from 1990 to 2009 where electronic tags were

surgically implanted in fish aimed at characterizing

trends in data reporting. They revealed that the

majority of studies failed to report basic information

related to the surgical procedures used which would

make it challenging to repeat a study. Some study

information was consistently well reported such as

the tag size and dimensions, the type of anaesthetic

used and the location of incisions. In contrast, the

type of suture knots, duration or level of anaesthesia,

and precautions taken to minimize infection were

consistently left out of the methods section of most

telemetry studies. Their analysis was confounded by

the large proportion of studies that cited other sources

for their surgical methods. Although such an

approach is valid, Thiem et al. (2011) found numer-

ous instances where the paper cited did not contain

adequate details, making it even less clear as to what

methods were used in the current study. To that end,

Thiem et al. (2011) recommend that future electronic

tagging studies include minimum reporting standards

which they presented in their paper. Increasing the

detail of reporting has the potential to improve the

quality of data presented, minimize welfare and

ethical concerns and allow transparency for study

repeatability. Moreover, transparent methods will

enable researchers to determine the extent to which

it is possible to make inter-study comparisons.

Bridger and Booth (2003) published a review

where they detail the literature associated with

attachment of telemetry tags to fish and covered a

variety of approaches including gastric, external,

intracoelomic and urogenital. In recognition that

intracoelomic tagging approaches were preferred for

most applications, there have since been numerous

studies on various aspects of the surgical procedures.
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Indeed, it is that body of literature that served as the

basis for the recommendations that emanated from

the various papers contained in this special issue. In

the final paper for the special issue, Cooke et al.

(2011b) conducted a quantitative literature review

where they summarized the trends in 108 peer-

reviewed electronic tagging effect studies focused on

intracoelomic implantation. The objective of their

paper was to summarize the entire body of peer

reviewed literature related to the intracoelomic

implantation of electronic tags in fish to characterize

the existing body of work and to identify where

research gaps still exist. The authors revealed that to

date, almost all of the studies have been conducted in

freshwater, typically in laboratory environments, and

have focused on biotelemetry devices rather than

archival loggers. The majority of studies have

focused on salmonids, cyprinids, ictalurids and

centrarchids, with a regional bias towards North

America, Europe and Australia. Most studies have

focused on determining whether there is a negative

effect of tagging relative to control fish, with

proportionally fewer that have contrasted different

aspects of the surgical procedure (e.g., methods of

sterilization, incision location, wound closure mate-

rial) that could advance the discipline. Some of the

more common endpoints used were mortality,

growth, healing and tag retention. Relatively few

studies addressed sublethal endpoints such as swim-

ming ability, predator avoidance, physiological costs,

or fitness.

Based on their synthesis, the authors developed a

detailed research agenda specific to different tag

types, species, and environments. Not surprisingly, it

was quite evident that in a relative sense, the most

was known about implantation of freshwater fish,

particularly juvenile salmonids, with comparatively

little known about tagging of marine fish. Cooke et al.

(2011b) also developed a series of generalized

guidelines intended to elevate the science of intraco-

elomic implantation. In particular, they suggested

that future studies would benefit from (1) rigorous

controlled manipulations based on statistical designs

that have adequate power, account for inter-individ-

ual variation, and include controls and shams, (2)

approaches that transcend the laboratory and the field

with more studies in marine waters, (3) incorporation

of knowledge and techniques emerging from the

medical and veterinary disciplines, (4) addressing all

components of the surgical event, (5) comparative

studies that evaluate the same surgical techniques on

multiple species and in different environments, (6)

consideration of how biotic factors (e.g., sex, age,

size) influence tagging outcomes, and (7) studies that

cover a range of endpoints over ecologically-relevant

time periods. To our knowledge, the research agenda

and proposed framework for future studies is the first

such attempt to collate and direct research on the

important topic of intracoelomic implantation.

Conclusions

This compilation of peer reviewed papers represents

the first such attempt to evaluate all available science

related to intracoelomic implantation of electronic

tags in order to provide practitioners with knowledge

that has the potential to improve the surgical

outcome. The compilation is comprehensive and

addresses all phases of the implantation process. The

need for this compilation was obvious. There were a

number of critical issues related to animal welfare,

professionalism, standardization, and data quality

(see Table 2) that needed to be addressed in order

to elevate the science and practice of intracoelomic

electronic tag implantation. Failure to do so (see

Table 2) has the potential to have a number of

negative consequences including reductions in fund-

ing for electronic tagging studies, loss of public,

scientific and legal credibility, introduction of bias,

and animal welfare impairments. We believe that this

compilation is the first step to doing so and there are a

number of strategies including greater incorporation

of veterinary skill (Harms and Lewbart 2011),

training (Cooke et al. 2011a) and more transparent

and complete reporting of methods (Thiem et al.

2011) that should have immediate benefit. What is

also clear is that continued research is needed to

further elevate the practice of electronic tag implan-

tation in fish in order to ensure that the data generated

are relevant to untagged conspecifics (i.e., no long-

term behavioral or physiological consequences) and

the surgical procedure does not impair the health and

welfare status of the tagged fish. The research agenda

provided by Cooke et al. (2011b) identifies many

opportunities for future research on this topic. Indeed,

there are many aspects of the implantation process for

which we simply no nothing or only know very little
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for a given taxa or environment. Nonetheless, this

compilation represents an exhaustive summary of all

available literature which should serve as a valuable

resource for those conducting intracoelomic elec-

tronic tag implantation in fish.
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