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Summary

Marking agents such as calcein and oxytetracycline are routinely used in

fisheries programs to mark otoliths and other calcified tissue (i.e., fins, rays, and scales)

in fish as a way to monitor fish propagation programs.  The U.S. Food and Drug

Administration has authorized the use of Calcein (SE- MARKTM; CAL) under the

Compassionate Investigational New Animal Drug (INAD) Exemption #10-987 for the

purpose of gathering efficacy data to support a new animal drug approval.  During

calendar year 2005 (CY05), several INAD trials were conducted to evaluate the efficacy

of CAL to mark calcified tissue in a variety of young fish.  In CY05, 39 such trials that

involved approximately 0.55 million fish were conducted at ten fish culture facilities,

including one U.S. Fish and Wildlife Service fish hatchery, one U.S. Geological Survey

facility, five state hatcheries, two universities, and one tribal hatchery.  Efficacy was

based on whether or not a “readable” mark could be seen in the calcified tissue of a

subsample of treated fish.  Overall, results from the treatment trials conducted in CY05

indicated that approximately 95% of trials appeared efficacious, while 5% of the trials

were characterized as inconclusive.
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Introduction

Calcein is an effective and convenient marking agent for use on early life stages

of fish.  Large numbers of fish can be marked simultaneously by simple exposure to a

calcein solution for concentration dependant durations that could last from several

minutes to several hours.  In many cases, immersion marking is one of the only

practical means of permanently marking large numbers of small fish for the purpose of

evaluating fishery management strategies.  In general, marking is accomplished by

immersing very young fish in a bath containing either 1) 125 - 250 mg/L calcein for 1 - 6

h; or 2) 2.5 - 5.0 g/L for 1 - 7 min.  A pre-treatment exposure of fish to 1 - 5% solution of

non-iodized salt for about 3.5 min is recommended to facilitate the osmotic transfer of

calcein across fish tissue membranes and into calcified tissues.

The overall objective for using calcein as a marking agent under this INAD was to

develop clinical field efficacy data for non-intrusive marking of fish larvae or very young

fish prior to, or shortly after, initiation of feeding, and to observe the marks on live fish to

evaluate whether they are “readable.”  An advantage of immersion mass marking fish of

such a small size is that these fish cannot be marked by fin clip or by using other

conventional tagging procedures.  Fish marked at early life stages are not available for

human consumption until they have grown to a much larger size, which in virtually all

cases requires at least a year or more of additional growth.  Except for threatened and

endangered species and research fish destroyed after use, calcein treatment under

INAD 10-987 authorizes that no fish larger than 2 grams in size may be marked with
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calcein.  Therefore, Investigators using calcein under this INAD may be able to

successfully mark fish for stocking with high confidence that calcein absorbed in fish

tissues will not pose a human health concern.

Purpose

The purpose of this report is to summarize the results of CY05 supplemental CAL

field efficacy studies conducted under INAD #10-987.  Furthermore, it is expected that

data from these trials will be used to enhance the existing CAL database that has been

established from previous years studies for the purpose developing an appropriate label

claim for the use of CAL in aquaculture.

Facilities, Materials, and Methods

1.  Facilities

A total of 39 CAL efficacy trials were conducted at 10 fish culture facilities during

CY05, including one U.S. Fish and Wildlife Service fish hatchery, one U.S.

Geological Survey facility, five state hatcheries, two universities, and one tribal

hatchery.  Water temperature during treatments at the various testing facilities

ranged from 47.3 to 79.3°F.
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2.  CAL used in trials

All CAL used during the reporting period was SE- MARKTM, which is a

commercial liquid product supplied by Western Chemical, Inc., Ferndale,

Washington.  The strength of SE- MARKTM is a pH buffered, 1.0% solution of

calcein.  Western Chemical’s SE- MARKTM is the only form of calcein available

for use under INAD #10-987.

3.  Drug dosages

According to the protocol, Investigators had a choice of treating fish with either

(1) 125 - 250 mg/L calcein for 1 - 6 h, or (2) 2.5 - 5.0 g/L calcein for 1 - 7 min with

a pre-treatment of 1 - 5% solution of non-iodized salt for about 3.5 min.  During

the reporting period, Investigators treated fish with 125 - 250 mg/L calcein for 1 -

6 h in one trial; and with 2.5 - 5.0 g/L calcein for 3.0 - 8.0 min with a pre-

treatment of 1 - 5% solution of non-iodized salt for 3.0 - 8.0 min in 35 trials.  In

the remaining three trials, Investigators treating bridle shiners and ironcolor

shiners (threatened and endangered species) deviated from approved treatment

regimens described in the study protocol, and treated fish with 7.5 g/L calcein for

4.0 min with a pre-treatment of 1.75% solution of non-iodized salt for 4.0 min. 
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Fish Species

 

1.  Species of fish treated

A total of 12 different fish species were treated during CY05, including five 

species of salmonids and seven non-salmonids fish species. Mean weight of

treated fish was 1.6 gm, and fish size ranged in weight from 0.05 - 16.0 gm. The

following fish species were treated during CY05:

Salmonids  

chinook salmon  Oncorhychus tshawytscha

coho salmon O. kisutch

kokanee salmon O. nerka

rainbow trout O. mykiss

brook trout Salvelinus fontinalis

Non-salmonids

American shad Alosa sapidissima

bridle shiner  Notropis bifrenatus

ironcolor shiner  N. chalybaeus

June sucker Chasmistes liorus

largemouth bass Micropterus salmoides

walleye Stizostedion vitreum

yellow perch Perca flavescens
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2.  Marking

Fish were treated with CAL to provide a mark calcified tissue such as otolith,

skeletal tissue, fin rays, or scales for the purpose of identify hatchery-stock fish in

the wild.

Data Collected

1.  Efficacy of marking procedure

A sub-sample of fish from the test population were collected and evaluated for

efficacy of the marking procedure and mark retention data, as well as morbidity

and mortality related to the marking procedure.

2.  Effect of treatment on treated fish

Study Investigators were encouraged to include general observations on the

effect of treatment on fish behavior and response to routine culture/management

activities (i.e. feeding activity, level of stress, or negative fish behavior).

Discussion of Study Results

1. Summary results on the efficacy of CAL for marking fish - Efficacy was based

on whether or not a “readable” mark could be seen on calcified tissue from a

subsample of treated fish.  (Note: A summary of the individual CAL studies conducted
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during CY05 under INAD #10-987 in which trials appeared to be efficacious are presented in

Table 1;   Table 2 provides a summary of all trials in which treatments were characterized as

inconclusive;  Table 3 describes the treatment regimens used and fish species tested; and

Table 4 lists all treatment trials conducted during this reporting period).  

A. Efficacy of CAL at 250 mg/L for 4.25 h

Calcein was used on June suckers in one trial using this treatment regimen.  In this

trial, fish were exposed to 250 mg/L calcein for 4.25 h (Table 2).  The Investigator

noted that all but four fish died during the treatment period.  The fish were monitored

every half hour and at 3.5 h it was noted that the fish looked good.  However, after

four h, mortality had increased to 50.  As an emergency move, the Investigator

aborted the treatment, and moved fish into fresh water.  Mortality continued to

mount.  The pathology report showed the following diagnosis: gill lesions indicate an

“acute chemical process” causing damage to gill resulting in asphyxiation.  The

Investigator documented that the cause of the gill damage was undetermined at this

point, but that SE-MARKTM did not appear to be at fault.  Results of the trial were

characterized as inconclusive because there were too few fish (4 out of 1,000) to

evaluate to determine if treatment marked calcified tissue. 

B. Efficacy of CAL at 2.5 g/L for 3 - 6 min

Calcein was used on walleye and yellow perch in eight trials using this treatment

regimen.  In these trials, fish were exposed to 2.5 g/L calcein for 3 - 6 min (Table 1). 

Overall, results indicated that treatment appeared effective in all trials.
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 C. Efficacy of CAL at 2.5 - 5.0 g/L for 4 - 4.5 min

Calcein was used on American shad, largemouth bass, and yellow perch in five trials

using this treatment regimen.  In these trials, fish were exposed to 2.5 - 5.0 g/L

calcein for 4 - 4.5 min (Table 1).  Overall, results indicated that treatment appeared

effective in all trials.

D. Efficacy of CAL at 5.0 g/L for 3 - 8 min

Calcein was used on chinook, coho, and kokanee salmon, brook and rainbow trout,

largemouth bass, walleye, and yellow perch in 22 trials using this treatment regimen. 

In these trials, fish were exposed to 5.0 g/L calcein for 3 - 8 min (Tables 1 - 2). 

Overall, results indicated that treatment appeared efficacious in 21 of the 22 trials. 

In the remaining trial involving Chinook salmon, results were characterized as

inconclusive because the Investigator did not evaluate fish to determine if the mark

was present. 

E. Efficacy of CAL at 7.5 g/L for 4 min

Calcein was used on bridle and ironcolor shiners in three trials using this treatment

regimen.  In these trials, fish were exposed to 7.5 g/L calcein for 4 min (Table 1). 

Overall, results indicated that treatment appeared effective in all trials.  The

Investigator noted that these fish species are a threatened and endangered species

and will never be used as a food fish.  The higher dosage was used due to the
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results from the CY03 studies that showed the mark had faded when the fish were

recaptured in CY04.

2. Observed Toxicity

No toxicity or adverse effects relating to CAL treatment were reported in 20 of the 39

trials.  However, in 14 of the trials, the Investigators reported substantial delayed

mortality in fish following the treatment period.  Investigators treating American shad,

largemouth bass, walleye, yellow perch, and chinook salmon with CAL noted that

fish mortality was associated with either handling stress or stress from the pre-

treatment salt bath.  In four trials, the Investigator treating walleye noted that the test

fish were stressed after the salt bath and that the high mortality observed after

treatment was attributed to the salt treatment prior to the calcein treatment.  The

Investigator further noted that the salt bath was attributed to 90% mortality and that

pilot studies have been conducted to evaluate the effect of salt on test fish.  In one

trial, the Investigator treating June suckers noted that only 0.4% of the fish survived

the treatment.  The pathology report following the treatment showed the following

diagnosis: gill lesions indicate an “acute chemical process” causing damage to gill

resulting in asphyxiation.  However, in a letter addressed to Western Chemical, Inc

on a Western Chemical Complaint Form dated January 4, 1005, the Investigator

documented that the root cause analysis of the complaint was undetermined at this

point, but that SE-MARKTM did not appear to be at fault.
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Summary of Study Results

Calcein was used in 39 trials involving chinook, coho, and kokanee salmon, brook

and rainbow trout, American shad, bridle and ironcolor shiners, June suckers,

largemouth bass, walleye, and yellow perch during CY05.  Trials involved a single bath

treatment at  dosages of either 1) 250 mg/L calcein for 4.25 hr; or 2) 2.5 - 7.5 g/L for 3 -

8 min with a pre-treatment of 1 - 5% solution of non-iodized salt for 3 - 8 min. 

Approximately 0.55 million early life stage fish were treated during this period.  Water

temperature during treatment ranged from 47.3 to 79.3°F.  Efficacy was based on

whether or not a “readable” mark could be seen in the otolith or skeletal system of a

subsample of treated fish.  Overall, results from the treatment trials conducted in CY05

indicated that CAL treatments appeared effective in approximately 95% of trials, while

results from the remaining 5% of the trials were characterized as inconclusive.  

Investigators reported no evidence of toxicity or adverse effects directly related to CAL

treatment.  However, toxicity or adverse effects attributed to the treatment process (i.e.,

fish crowding and handling, salt treatment, calcein treatment) were reported in 51% of

the trials.  Although data from these trials will be considered as ancillary, trial results

should provide useful corroborative data to support a future label claim for CAL.  It is

anticipated that additional ancillary efficacy data will continue to be collected under

INAD #10-987.  In future trials conducted under INAD #10-987, efforts will be directed

towards the generation of higher quality data. 
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Table 1.  Summary of CY05 Calcein (SE-MARKTM) Efficacy Results - Efficacious Trials
Hatchery Number

of Trials
Fish

Species
Number
of Fish

Fish
Size
(gm)

Treatment
Duration

(min) 

Dose
(g/L)

Salt Conc. Temp.
(oF)

Mark Rating 
(%)

% Duration
(min)

Andrew Hulsey SFH 4 WAE 310 0.50 4 2.5 3.0 & 5.0 4 63.5 - 71.2 Same day thru 6 days post-treatment
Excellent - 100%

South Dakota State
University

4 YEP 120 1.2 - 1.3 3 - 6 2.5 5.0 3 63.7 - 78.4 Same day thru 97 days post-treatment 
Indoors  - Excellent - 100% 

18 days post-treatment outdoors
 Good - 65%
Poor - 35%

70 days post-treatment outdoors 
External mark Good - 50%
External mark Poor - 50%

127 days post-treatment outdoors 
Inside mouth Good - 100%

Manning SFH 3 AMS 977 0.1 - 2.0 4 2.5 - 5.0 1.2 - 2.0 5 64.0 - 73.0 1 day post-treatment
Excellent - 100%

21 days post-treatment in pond
No external mark

1 LMB 74,063 1.90 4 - 4.5 2.5 - 5.0 1.3 4 71.0 1 - 8 days post-treatment
Excellent - 100%

Collected from ponds through summer
No marks on dorsal surfaces
poor mark on ventral surfaces

1 YEP 200 0.50 4 2.5 - 5.0 1.53 4 65.0 35 days post-treatment
Excellent - 100%

N.E. Fishery Center 1 BKT 25 2.00 3.5 5 1.5 3.5 47.3 Same day
Excellent - 100%

Nampa Research
Office

1 BKT 66,000 0.65 4 5 3.0 4 51.0 60 days post-treatment
Excellent - 100%

Hoko Hatchery 3 COS 137,422 0.6 - 1.7 4 5 4.2 - 4.4 4 - 5 49.7 - 55.6 1 - 44 days post-treatment
Excellent - 100%

Nampa Research
Office

1 KOE 250,000 1.00 4 5 3.0 4 54.0 90 days post-treatment
Excellent - 70%

Good - 30%



Table 1.  Summary of CY05 Calcein (SE-MARKTM) Efficacy Results - Efficacious Trials - continued

Hatchery Number
of Trials

Fish
Species

Number
of Fish

Fish
Size
(gm)

Treatment
Duration

(min) 

Dose
(g/L)

Salt Conc. Temp.
(oF)

Mark Rating 
(%)

% Duration
(min)
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Andrew Hulsey SFH 4 LMB 8,040 1.0 - 1.3 4 5 2.0 - 5.0 4 74.3 - 79.2 Same day thru 7 days post-treatment
Excellent - 100%

104 days post-treatment from pond
Good to poor external mark - 30%

Inside mouth mark - 93%

Jim Hinkle Spring SFH 2 RBT 12,179 1.2 - 1.8 4 5 5.0 4 59.0 - 61.0 Same day thru 7 days post-treatment
Excellent - 100%

150 days post-treatment from pond
Good to poor external mark - 80%

Inside mouth mark - 100%

Andrew Hulsey SFH 1 WAE 88 0.05 4 5 1.0 4 62.0 Same day
Excellent - 53%

Good - 27%
Poor - 20%

4 WAE 392 0.1 - 0.5 4 5 3.0 - 5.0 4 62.8 - 69.8 Same day thru 6 days post-treatment
Excellent - 100%

209 days post-treatment from pond
Excellent external mark- 6%
Good external mark - 16%
Poor external mark - 13%

No mark - 65%
Inside mouth mark - 63%

South Dakota State
University

4 YEP 120 1.2 - 1.3 3 - 6 5 5.0 3 63.6 - 79.3 Same day thru 97 days post-treatment 
Indoors  - Excellent - 100% 

18 days post-treatment outdoors
Excellent - 5%
 Good - 74%
Poor - 21%

70 days post-treatment outdoors 
External mark Good - 100%

127 days post-treatment outdoors 
Inside mouth Excellent - 100%



Table 1.  Summary of CY05 Calcein (SE-MARKTM) Efficacy Results - Efficacious Trials - continued

Hatchery Number
of Trials

Fish
Species

Number
of Fish

Fish
Size
(gm)

Treatment
Duration

(min) 

Dose
(g/L)

Salt Conc. Temp.
(oF)

Mark Rating 
(%)

% Duration
(min)

13

Pennsylvania State
University

2 BRS 98 9.0 -
16.0

4 7.5 1.75 4 66.4 - 67.1 6 days post-treatment
Excellent - 100%

12 days post-treatment
Excellent - 90%

Good - 10%
18 days post-treatment

Excellent - 60%
Good - 30%

24 days post-treatment
 Excellent - 52%

Good - 48%
30 days post-treatment

 Excellent - 50%
Good - 50%

1 IRS 627 0.23 4 7.5 1.75 4 59.0 6 days post-treatment
Excellent - 100%

12 days post-treatment
Excellent - 83%

Good - 17%
18 days post-treatment

Excellent - 40%
Good - 60%

24 days post-treatment
 Excellent - 29%

Good - 71%
30 days post-treatment

 Excellent - 22%
Good - 73%
Poor - 5%
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Table 2.  Summary of CY05 Calcein (SE-MARKTM) Efficacy Results - Inconclusive Trials
Hatchery Number

of Trials
Fish

Species
Number
of Fish

Fish Size
(gm)

Treatment
Duration 

Dose
(g/L)

Salt Conc. Temp.
(oF)

Mark Rating 
(%)

% Duration
(min)

Fisheries Experiment
Station

1 JSK 1,000 0.59 4.25 hrs .25 - - 65.0 Fish were not checked for a mark.

Western Fisheries
Research Center

1 CKS 990 1.00 8.0 min 5 1.1 8.0 53.6 Fish were not checked for a mark.
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Table 3. Description of Treatment Regimes Used and Fish Species
Treated during CY05 Calcein (SE-MARKTM) Efficacy Studies

Total Number of Fish Treated:  552,651

Number of fish treated in effective trials  550,661
Number of fish treated in inconclusive trials      1,990

Total Number of Trials: 39

Number of trials in which treatments were effective 37
Number of trials in which treatment results were Inconclusive  2  

Treatment Regimes Used:

250 mg/L static bath for 4.25 hr   1 trial
2.5 g/L static bath for 3 - 6 min   8 trials
2.5 - 5.0 g/L static bath for 4 - 4.5 min   5 trials
5 g/L static bath for 3 - 8 min 22 trials
7.5 g/L static bath for 4 min   3 trials

Treatment Water Temperature (oF):       47.3 - 79.3

Size of Treated Fish (gm):       0.05 - 16.0

Species Treated:

Salmonids  
chinook salmon  Oncorhychus tshawytscha
coho salmon O. kisutch
kokanee salmon O. nerka
rainbow trout O. mykiss
brook trout Salvelinus fontinalis

Non-salmonids
American shad Alosa sapidissima
bridle shiner  Notropis bifrenatus
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ironcolor shiner  N. chalybaeus
June sucker Chasmistes liorus
largemouth bass Micropterus salmoides
walleye Stizostedion vitreum
yellow perch Perca flavescens


