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Abstract

Current methods of fish epithelial injury detection are limited to gross macroscopic examination that has a subjective
bias as well as an inability to reliably quantify the degree of injury. Fluorescein, a presumptive test for blood, has been
shown to have the capability to detect and quantify fish epithelial injury. However, there are several other presumptive
tests for blood (Bluestar�, phenolphthalein, and HemastixH) that may have benefits over the use of fluorescein,
particularly for field research on wild fish. This study investigated the capabilities of these four tests to detect and
quantify a variety of injuries commonly encountered by fish (abrasion, cuts, fin frays, and punctures) using the
freshwater bluegill Lepomis macrochirus as a model. Fluorescein was consistently found to be the most reliable (i.e.,
detected the highest proportion of true positive results and rarely detected false positive reactions) of the four
presumptive tests for blood compared. Further testing was conducted to examine the reliability of fluorescein. By 24 h
after an injury was inflicted, the injury was no longer detectable by fluorescein, and when fluorescein was applied to an
injured fish, the fluorescein was no longer detectable 3 h after application. In a comparison of two common
anaesthetics used in fisheries research, there was no significant difference in the proportion of injury detected when 3-
aminobenzoic acid ethyl ester methanesulfate (tricaine) was used compared with a clove oil and ethanol (1:9) solution.
In summary, fluorescein was the most reliable presumptive test for blood examined in this study for the detection and
quantification of recent (hours) fish epithelial injury.
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Introduction

Fish can acquire external injuries from a variety of
different sources. For example, fish can experience

injuries from interaction with their environment (e.g.,
substrate and woody debris), conspecifics (e.g., during
spawning, competitive interactions; Hutchings and
Meyers 1987; Neat et al. 1998), and predators (Harmon
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et al. 1994). In addition, fish have the potential to
experience injuries as a result of human activities (e.g.,
commercial fishing [Davis and Ottmar 2006], recreational
fishing [Cooke et al. 2002], aquaculture [Ashley 2007],
boating [Killgore et al. 2001]) or interaction with
anthropogenic structures (e.g., hydroelectric turbines
[Cada 2001], water intake structures [Larinier and Travade
2002], fishways [Larinier 2002]). These injuries vary in
severity and detriment to the fish. In some cases the
injuries are so severe that they result in immediate death,
such as might be experienced in a turbine strike (Cada
2001) or when an angled fish is attacked by a predator
(Danylchuk et al. 2007). However, there are undoubtedly
other instances where fish experience injuries that are
not lethal in the short term but may cause long-term
harm. For example, damage to the epithelium that
covers the surface of the fish may not result in immediate
death, but it can result in infections from a variety of
different opportunistic pathogens, including bacteria,
parasites, and fungi (Ventura and Grizzle 1987; Van West
2006). The injuries themselves or the associated patho-
genic infections can lead to sublethal impairments such
as physiological disturbance and behavioral alterations
(Cooke and Sneddon 2007) and may even promote
delayed mortality (Davis 2005).

As part of routine fish monitoring practices or fisheries
research, injuries are often noted qualitatively through
examination of scale loss (Main and Sangster 1988) and
fin fraying (Barthel et al. 2003) via visual macroscopic
evaluation. These techniques are highly subjective as the
degree of injury is based on researcher opinion and has
little quantitative rigor. In addition, there may be injuries,
such as abrasions, that may not be visually detectable
but can lead to later infection or death. Fluorescein, a
nontoxic dye commonly used in crime scene investiga-
tion, has been shown to enhance the detection of
epithelial injury in fish (Noga and Udomkusonsri 2002)
and has been used in the quantification of injury for
comparison of commercial (Davis and Ottmar 2006) and
recreational (Colotelo and Cooke 2011) fishing tech-
niques, as well as hydroelectric turbine passage evalua-
tion (Dauble et al. 2007).

Presumptive tests for blood are commonly used in
forensic science to locate latent blood stains and to
differentiate blood from other substances (Spalding
2006). These tests interact with hemoglobin in blood to
cause a positive reaction that is denoted by a change in
color or by the production of light (Spalding 2006).
Under ultraviolet (UV) light, fluorescein produces a green
light when blood is present. Although fluorescein has
been used to detect latent injuries to the epithelial layer
of fishes, there are several other presumptive tests for
blood that also may be useful for fish epithelial injury
detection. In a literature review, Colotelo et al. (2009)
compared 10 different presumptive tests for blood on
their sensitivity, specificity, cost, carcinogenicity, and
ease of use. Based on that review, it was determined that
in addition to fluorescein, Bluestar�, HemastixH, and
phenolphthalein may be useful for the detection of
epithelial injury on fish. Bluestar was selected because it
produces light in the presence of blood, similarly to

fluorescein, but it does not require a UV light source,
making this method simpler than fluorescein. Photo-
graphs can then be taken of this light production to
calculate the proportion of the fish that is injured (Davis
and Ottmar 2006). Hemastix and phenolphthalein were
selected because they would be ideal for field use,
because fish do not have to be anaesthetized and the
reaction occurs within minutes. In addition, these
chemicals would be applied to cotton swabs that had
removed small amounts of mucous from the fish and the
chemicals are never applied directly to the fish. Other
presumptive blood detection techniques have been
considered for application in a fisheries context (e.g.,
benzidine, o-tolidine, leuchomalachite green, tetra-
methylbenzidine, HemidentTM, and luminol), but they
are regarded as having too many limitations to make
them broadly useful for injury detection in field settings
(Colotelo et al. 2009).

This study was conducted to compare the use of
fluorescein, a proven detection method for epithelial
damage on fishes, with several other presumptive tests
for blood (i.e., Bluestar, Hemastix, phenolphthalein) for
the detection of punctures, abrasions, cuts, and fin fray
on fish. The first phase of research involved quantitative
evaluation of the performance of the four tests in the
detection of different types of experimentally inflicted
injury in a field setting. An additional suite of experi-
ments was conducted to further clarify the performance
of fluorescein with respect to potential interaction with
other chemicals (e.g., anaesthetics), to determine the
‘‘age’’ of injury upon detection, and to investigate how
long fluorescein is detectable in the mucous after
treatment. For the purpose of this study, we focused
our research efforts on bluegill Lepomis macrochirus, a
small freshwater fish. Bluegill serve as an excellent model
given their abundance and ease of capture and handling
to obtain ‘‘uninjured’’ fish to use for experimentation.
The tools evaluated and validated in this study will
provide fisheries biologists and scientists with additional
capacity for the detection and quantitative description of
injury in fish. With the increasing potential for fish
interaction with humans and human infrastructure, there
is a need for additional tools that can be incorporated
into environmental monitoring and fisheries research.

Methods

Comparative analysis of injury detection
Bluegill were angled from Opinicon Lake, located in

southeastern Ontario, Canada, using size 8 barbless
hooks and standard angling gear. Fish within the total
length range of 120–190 mm were collected; fish outside
this size range were released. Bluegill that were deeply
hooked or exhibited any macroscopic evidence of injury
also were released. Fish were handled only by gently, but
firmly, gripping them by the lower lip using padded
pliers. Fish were immediately placed in a water bath (4 L)
in a plastic cooler with rounded edges containing 50 ppm
clove oil anaesthetic (clove oil emulsified in ethanol, 1:9;
Sigma-Aldrich, Toronto, Ontario) and remained there
until fish reached stage 4 of anaesthesia noted by a loss
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of equilibrium and coordinated fin movements (Summer-
felt and Smith 1990). Fish were then removed from the
anaesthetic bath by grasping them by the lower lip with
the padded pliers, and those fish to be treated with
fluorescein and Bluestar were dragged across a 5-mm
nylon mesh net (18 cm in length) three times on their right
side. All fish were then inflicted with standard injuries on
their left side (Figure 1A). The upper or lower lobe of the
caudal fin was frayed by cutting with a scalpel 30 times in
the anterior–posterior plane from the base of the fin to the
end. A puncture wound was made in the left cheek and
posterior and dorsal to the left eye using a dental pick. A
scalpel scrape (163 cm) was induced above or below the
lateral line to simulate a large section of mucous loss.
Finally, a shallow cut was made from the posterior end of
the soft dorsal fin to the posterior end of the anal fin,
across the left side of the caudal peduncle using a scalpel
to simulate a deep wound that may occur due to a
predation attempt (e.g., animal bite). These injuries were
inflicted to replicate injuries that might occur in the
natural environment or after interaction with anthropo-
genic structures. Fish were then treated with one of the
four presumptive tests for blood, as outlined below.

Fluorescein. Immediately after injury infliction, fish were
sprayed with a 0.2 mg/mL solution of fluorescein
(fluorescein, disodium salt; Aldon Corp., Avon, NY) in
distilled water; the solution was left unrinsed for 6 min
(Noga and Udomkusonsri 2002). Fish were then placed in an
anaesthetic bath containing 120 ppm clove oil (clove oil
emulsified in ethanol at 1:9) for 6 min to euthanize them.
Fish were then photographed using a digital SLR ELIXIM Pro
EX-F1 camera (Casio Computer Co., Ltd., Tokyo, Japan)
under white light, long UV light (365 nm), or short UV light
(254 nm) under various exposures (10, 13, 15, and 20 s) and
at an ISO of 100. Fish were photographed in complete
darkness, against a black background, with the camera
positioned 42 cm directly above the fish and the UV light
source (MineralightH UVGL-48; UVP Inc., Upland, CA) at a 45u
angle to the fish, 22 cm above, so that the entire organism
was illuminated by the UV light. It was determined that
short UV light and 20-s exposure were the best settings for
examining the injury patterns; thus, these settings were
used for the remainder of the study with fluorescein.

Bluestar. Immediately after injury infliction, fish were
sprayed with Bluestar solution (Bluestar Forensic Mini Kit;
Bluestar, Monte Carlo, Monaco) that was prepared
following the instructions from the manufacturer.
Because the Bluestar reaction is time sensitive, fish
were immediately photographed in complete darkness
with a digital camera (SLR ELIXIM Pro EX-F1; Casio
Computer ) positioned 42 cm directly above the fish,
with an exposure of 30 s, and following the photography
directions outlined by the manufacturer. Fish were then
euthanized as described above.

Hemastix. A moistened cotton swab was applied to
1-cm2 predetermined areas of the fish, representing
areas that were inflicted with injury and areas that were
not (Figures 1B and 1C). Each cotton swab was then
touched to the pretreated reagent pad of the Hemastix
(Hemastix Reagent Strips for Urinalysis; Bayer HealthCare
LLC, Elkhart, IN), and the color change reaction was

compared with a scale provided by the manufacturer;
the result was recorded after 60 s. Fish were then
euthanized as described above.

Phenolphthalein. A moistened cotton swab was
applied to 1-cm2 predetermined areas of the fish,
representing areas that were inflicted with injury and
areas that were not (Figures 1B and 1C). A series of
reagents were then applied to each cotton swab, following
the phenolphthalein manufacturer’s instructions (WARD’S
Phenolphthalein Blood Test Kit; WARD’S Natural Science
Establishment, LLC, Rochester, NY). The reaction results
were recorded after 60 s and 4 min. Fish were then
euthanized as described above.

Computer analysis of photographs
Fluorescein and Bluestar cause a positive reaction

through the production of green and blue light,

Figure 1. Diagrams of bluegill Lepomis macrochirus.
(A) Pattern of injury used for comparison of fluorescein, Bluestar,
Hemastix, and phenolphthalein in their ability to detect
punctures, abrasions, scalpel cuts, and fin fray on bluegill.
(B) Sampling sites used on the left side of each bluegill body for
testing for epithelial damage using Hemastix and phenolphtha-
lein. Stars indicate sites where injury was experimentally inflicted,
and circles indicate sites where injury was not experimentally
inflicted (control sites). (C) Sampling sites used on the right side
of each bluegill body for testing for epithelial damage using
Hemastix and phenolphthalein. Circles indicate sites where injury
was not experimentally inflicted (control sites). Data were
collected from fish collected from Opinicon Lake, southeastern
Ontario, Canada, during 2008 field trials.
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respectively. Photographs were analyzed, using ImageJ
software (http://rsb.info.nih.gov/ij/; National Institutes
of Health, Bethesda, MD), by tracing the areas of green
or blue and measuring the number of pixels in that
area. This process was done twice by the same
individual, and the average number of pixels was
calculated and used for statistical analysis. The propor-
tion of injury on the entire body of the fish was then
calculated by dividing the number of green or blue
pixels by the total number of pixels of the fish. There
was a strong positive correlation between the two
measurements recorded by the researcher, suggesting
a high level of accuracy (Correlation: r = 0.951; n = 16;
P , 0.001).

Comparison of presumptive tests for blood
The results of the injury evaluations were tabulated

and compared for difference in rates of true positives,
that is, area was injured and tested positive; false
positives, that is, area was not injured and tested
positive; true negatives, that is, area was not injured
and tested negative; and false negatives, that is, area was
injured and tested negative. Areas that were injured and
then tested with fluorescein or Bluestar were denoted as
positive for any proportion of injury higher than zero.
Hemastix tests were accompanied with a scale that
categorized the color change into proportions of
hemoglobin detected. Results that were classified as
‘‘large’’ or ‘‘medium,’’ based on the scale provided by the
manufacturer, were denoted as positive, whereas all
other results were considered negative. ‘‘Low’’ classifica-
tions were not denoted as positive because lake water
showed some form of contamination, resulting in a ‘‘low’’
reading. A positive result from phenolphthalein was
denoted as a change from colorless to pink as described
by the manufacturer.

Reliability of fluorescein
Detection of residual fluorescein posttreatment. Bluegill

(n = 10 for each time group) were angled from Opinicon
Lake using the capture method described in the
Comparative analysis of injury detection section. Fish
were individually marked with small numbered anchor
tags (Floy Tag & Manufacturing Inc., Seattle, WA) placed in
their dorsal musculature. They were anaesthetized in a
water bath containing a 50 ppm clove oil and ethanol
solution (1:9) until fish reached stage 4 of anaesthesia as
described above. A scalpel scrape (163 cm) was induced
below the lateral line, on either the left or right side of the
body. Next, fish were submerged in a 0.2mg/mL solution
of fluorescein in distilled water for 6 min and were then
placed in a holding tank that was constantly provided
with fresh lake water. Fish were examined for the presence
of fluorescein at 1, 3, 8, and 15 h after injury infliction and
fluorescein treatment by anaesthetizing fish in a 50 ppm
clove oil and ethanol solution (1:9) and photographing
fish in complete darkness under white and short UV light
(20-s exposure) as described in the Comparative analysis
of injury detection section. Fish were allowed to recover
after each anaesthesia application in a holding tank of
freshwater. Computer analysis to calculate the proportion

of green in each photograph was conducted as described
above.

Temporal patterns in injury detection. Bluegill (n = 10
for each time group) were angled from Opinicon Lake
using the capture method described above. Fish were
anaesthetized in a water bath containing 50 ppm clove
oil and ethanol (1:9) solution until stage 4 of anaesthesia
as described above. A scalpel scrape (1 6 3 cm) was
inflicted below the lateral line, on either the left or right
side of the body. Fish were then held for 1, 5, or 24 h in a
tank that was constantly provided with fresh lake water.
After the set time, fish were removed and anaesthetized
in a water bath containing 50 ppm clove oil and ethanol
(1:9) solution followed by 6 min in 0.2 mg/mL fluorescein
solution in distilled water and then 6 min in a water bath
containing 50 ppm clove oil and ethanol (1:9) solution.
Fish were then photographed in complete darkness
under white and short UV light (20-s exposure) as
described above. Computer analysis to calculate the
proportion of green in each photograph was conducted
as described above.

Influence of anaesthetics on injury detection. Bluegill
(n = 10 for each anaesthetic group) were angled from
Opinicon Lake using the capture method described above.
Fish were anesthetized in a water bath containing either
50 ppm clove oil and ethanol (1:9) solution or 50 ppm
buffered 3-aminobenzoic acid ethyl ester methanesulfate
(MS-222 or tricaine; Western Chemical, Inc., Ferndale, WA)
until stage 4 of anaesthesia was reached as described
above. A scalpel scrape (163 cm) was inflicted below the
lateral line, on either the left or right side of the body. All
fish were then treated with a 0.2 mg/mL solution of
fluorescein in distilled water for 6 min. Fish anesthetized
with the clove oil and ethanol (1:9) solution were then
placed in a water bath containing 50 ppm clove oil and
ethanol (1:9) solution for 6 min to rinse excess fluorescein
from the body and euthanize the fish. Fish anesthetized
with buffered MS-222 were placed in a rinse of pure lake
water for 6 min and then lethally sampled via cerebral
percussion. Davis et al. (2008) determined that MS-222
suppressed fluorescein light production, so fish cannot be
resubmerged in a MS-222 solution after exposure to
fluorescein. Fish treated with MS-222 therefore needed to
be euthanized using means other than an MS-222
overdose after treatment with fluorescein, to obtain
photographs. All fish were photographed under white
and short UV light (20-s exposure). Computer analysis to
calculate the proportion of green in each photograph was
conducted as described above.

Statistical analysis
A x2 contingency table analyses were used to

determine whether there were significant differences in
the number of true positive reactions for each test for
each type of injury inflicted. To test for differences
between the proportion of injury detected by fluorescein
and Bluestar, a 1-way ANOVA was conducted on inverse-
transformed data. A 1-way ANOVA also was used to test
for differences in the proportion of injury detected when
using clove oil and MS-222 as an anaesthetic on natural

Fish Injury Detection A.H. Colotelo et al.

Journal of Fish and Wildlife Management | www.fwspubs.org June 2014 | Volume 5 | Issue 1 | 29



log–transformed data. The time required to eliminate
fluorescein from a fish’s epithelium was analyzed using
a repeated measures ANOVA, followed by a Tukey’s
honestly significant difference post hoc test. To test for
the significance of the time after injury was inflicted that
the injury could still be detected using fluorescein, a one-
way ANOVA followed by a Tukey’s honestly significant
difference post hoc test was conducted. These data were
square root–transformed to meet the assumptions of
parametric tests. Transformations were completed as
necessary to meet the assumptions of normality and
homogeneity of variance required for parametric tests.
All statistical tests were completed using SPSS software
(IBM Corporation, Armonk, NY) and significance was
assessed at a = 0.05 (Zar 1984).

Results

Comparative analysis of injury detection
For all presumptive tests for blood, there was a

significant difference in the number of true positive
reactions. A test for independence was conducted to
determine the presumptive tests for blood that determined
a significantly different number of true positive reactions
for each injury type investigated in this study (i.e.,
punctures, abrasions, cuts, fin fray; Table 1). For the
detection of punctures, cuts and abrasions, fluorescein
had the highest percentage of true positive detections
(40.0, 66.7, and 43.3%, respectively; Table 2), whereas
Hemastix detected the highest percentage of true positives
for fin fray (50.0%). Hemastix also detected the highest
percentage of false positives for all injury types investigated
in this study (20.8% for punctures, 8.3% for cuts, 20.8% for
abrasions, and 25.0% for fin fray), and phenolphthalein

detected the lowest number of false positives for all injury
types investigated (4.2% for punctures, 4.2% for cuts, 0.0%
for abrasions, and 0.0% for fin fray). There was no significant
difference in the proportion of injury detected between
fluorescein (mean 6 SE, 2.9 6 0.6%) and Bluestar (mean 6
SE, 9.7 6 5.2%; ANOVA: F1,28 = 1.7; P = 0.198). Detailed
information on the treatments, locations and types of
inflicted injuries, and measured results using presumptive
tests for blood are available in Table.S1.

Reliability of fluorescein
There were significantly different proportions of

fluorescein detected when fish were held for different
times after injury was inflicted (Figure 2; repeated
measures ANOVA with Tukey’s honestly significant
difference post hoc: F1,9 = 16.4; P = 0.003). Specifically,
there was significantly less detectable proportion of
injury at 1, 3, 8, and 15 h than at time of treatment (0 h).

The ability of fluorescein to detect injuries that are more
than 24 h old was significantly reduced compared with
testing fish immediately after (0 h) or at 1 and 5 h after injury
occurred (Figure 3; 1-way ANOVA with Tukey’s honestly
significant difference post hoc: F3,36 = 20.7; P , 0.001).

Fish anesthetized in a water bath with 50 ppm clove oil
and ethanol (1:9) solution (mean 6 SE, 25.6 6 7.8%) did not
have significantly different levels of fluorescein detected
than fish anesthetized with MS-222 (mean 6 SE, 9.6 6
1.5%; Mann–Whitney U test: U10,10 = 26.0; P = 0.076).

Discussion

Comparative analysis of injury detection
Based on the comparison of the presumptive tests for

blood in this study, fluorescein was determined to be the

Table 1. The x2 post hoc analysis for the proportion of true positives detected by each presumptive test for blood (fluorescein,
Bluestar, Hemastix, and phenolphthalein) for each injury type (punctures, abrasions, cuts, and fin fray) investigated on bluegill
Lepomis macrochirus in this study. Data were collected from fish collected from Opinicon Lake, southeastern Ontario, Canada,
during 2008 field trials.

Injury

x2 result

x2 0.05, 3 P Presumptive test Standardized residual P

Puncture 14.88 0.0019 Fluorescein 22.32 ,0.05

Bluestar 22.84 ,0.05

Hemastix 20.29 .0.05

Phenolphthalein 21.15 .0.05

Abrasion 17.08 0.0006 Fluorescein 20.51 .0.05

Bluestar 23.61 ,0.05

Hemastix 20.86 .0.05

Phenolphthalein 21.73 .0.05

Cut 18.15 0.0004 Fluorescein 21.29 .0.05

Bluestar 23.61 ,0.05

Hemastix 21.15 .0.05

Phenolphthalein 21.44 .0.05

Fin fray 21.42 9.00 6 1025 Fluorescein 22.06 ,0.05

Bluestar 23.61 ,0.05

Hemastix 0 .0.05

Phenolphthalein 22.02 ,0.05
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most effective test for the detection and quantification of
epithelial damage to fish. Fluorescein resulted in the
highest percentages of true positive reactions and rarely
detected false positives. With its quantitative ability, low
cost, and field applicability, fluorescein is an ideal tool for
the detection of fish epithelial damage.

Bluestar, although possessing the ability to quantita-
tively evaluate injury, was not an effective test for fish
epithelial damage. It demonstrated the lowest propor-
tion of true positives compared with all other tests
(Table 2) and consequently had a high proportion of
false negative reactions. Dedual and Shorland (2006)
demonstrated positive results when working with
luminol (Bluestar is a derivative of luminol) but had to
remove the mucous layer for it to be effective. This may
explain the negative results observed herein because the
mucous layer was not removed. Removal of mucous has
the potential to alter findings because it could smear
blood stains and preclude the ability to identify the
precise location of an injury. In addition, this method
would not be recommended for fish that are not lethally
sampled, because the removal of the mucous layer
would compromise the health of the fish.

Hemastix demonstrated a high proportion of true
positives detected for all injury types in this study and
detected the highest percentage of true positive
reactions for fin frays (Table 2). As such, Hemastix may
be an effective method of epithelial damage detection;
however, it also demonstrated a high proportion of false
positive reactions, especially in the detection of
fin fraying (25.0%), abrasions (20.8%), and punctures
(20.8%). These results indicate that before Hemastix can

be readily used for epithelial damage detection, more
work needs to be conducted corresponding to the
specificity or the ability of the chemical to accurately
detect blood and identify substances that may present as
false positives or false negatives.

Phenolphthalein was not effective in the detection of
the different injuries inflicted in this study. The maximum
proportion of true positives that were detected was
33.3% for punctures (Table 2). However, the positive
reactions were never ‘‘strong,’’ and there is level of
familiarity with the chemical necessary for effectively
interpreting the results. Also, the chemicals must be
applied to the swab independently, thereby creating
more steps and organization in a field situation.

Reliability of fluorescein
Residual detection of fluorescein posttreatment. Fluorescein

is a nontoxic dye and is used in the medical field on
humans to detect corneal lacerations and in fluorescein
angiography; however, it can cause some stomach
discomfort when ingested (Lipson and Yannuzzi 1989). For
any fish that may be consumed postsampling, it is necessary
to ensure that there is no harm inflicted on the consumer.
Although we did not conduct a formal food safety
investigation, we did determine that at 1 h after treatment
with fluorescein the proportion of fluorescein detected (i.e.,
3.8%) in the epithelium had decreased significantly from that
of fish that were photographed immediately after treatment
(i.e., 25.6%; Figure 2). Fish treated with fluorescein to detect
epithelial damage also must be treated with an anesthetic
(clove oil is recommended). Researchers should consult with
their regional or national regulatory bodies if clove oil is used

Table 2. Number (and percentage relative to the total number of tests performed) of true positive, false positives, true
negatives, and false negatives detected with fluorescein, Bluestar, Hemastix, and phenolphthalein applied to experimentally
induced punctures, cuts, abrasions, and fin fray on bluegill Lepomis macrochirus. Data were collected from fish collected from
Opinicon Lake, southeastern Ontario, Canada, during 2008 field trials.

Injury
Presumptive

test
Total no.
of tests

No. of true
positives

No. of false
positives

No. of true
negatives

No. of false
negatives

n % n % n % n %

Punctures Fluorescein 15 6 40.0 0 0.0 0 0.0 9 60.0

Bluestar 15 4 26.7 0 0.0 0 0.0 11 73.3

Hemastix 24 8 33.3 5 20.8 7 29.2 4 16.7

Phenolphthalein 24 8 33.3 1 4.2 11 45.8 4 16.7

Cuts Fluorescein 15 10 66.7 NAa NA NA NA 5 33.3

Bluestar 15 1 6.7 NA NA NA NA 14 93.3

Hemastix 24 14 58.3 2 8.3 0 0.0 8 33.3

Phenolphthalein 24 7 29.2 1 4.2 11 45.8 5 20.8

Abrasions Fluorescein 30 13 43.3 3 10.0 12 40.0 2 6.7

Bluestar 30 1 3.3 1 3.3 14 46.7 14 46.7

Hemastix 24 9 37.5 5 20.8 3 12.5 7 29.2

Phenolphthalein 24 6 25.0 0 0.0 12 50.0 6 25.0

Fin fray Fluorescein 30 7 23.3 3 10.0 12 40.0 8 26.7

Bluestar 30 1 3.3 1 3.3 14 46.7 14 46.7

Hemastix 24 12 50.0 6 25.0 6 25.0 0 0.0

Phenolphthalein 24 5 20.8 0 0.0 12 50.0 7 29.2

a NA = not applicable.
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on fish that have the potential to enter the human food
supply to ensure compliance with relevant legislation and
policies.

Temporal patterns in injury detection. Another
concern with the detection of injury is to clarify the
source of the injury. In this study, the ability of
fluorescein to detect an induced injury at different
times after infliction was investigated. Twenty-four hours
after infliction of injury, the proportion of injury
detectable, 2.9%, was significantly less than that
detected at 0, 1, and 5 h (25.6, 14.6, and 14.7%
respectively; Figure 3). These results suggest that at
least 24 h after injury is inflicted, fluorescein can no
longer detect significant injury to the fish epithelium.
This is important for understanding that the source of
injury is from the treatment (if measured as part of an
experiment) and not an outside source.

Influence of anaesthetics on injury detection. In this
study, there was no difference between the proportion
of injury detected with fluorescein when using MS-222
and clove oil anaesthetics. However, there was
substantial variability in the data. There have been
previous concerns with using MS-222 as an anaesthetic
when using fluorescein for injury detection, because it
has been shown to inhibit the fluorescence and may be a
source of false negative results (Davis et al. 2008). Fish
treated with MS-222 therefore must be euthanized by an
alternative means after treatment with fluorescein to
obtain photographs; they cannot be resubmerged in the
MS-222 anaesthetic. Clove oil also was examined as an
anaesthetic, and there was no observable interference
with the fluorescein, thereby posing a benefit over MS-
222 because the fish do not have to be lethally sampled
to be photographed. Although clove oil shows promise

as an anaesthetic, it also may be a source of inhibition for
fluorescence so additional research is needed to evaluate
other anaesthetics such as CO2 and electrical current that
would be unlikely to inhibit fluorescence.

Implications and future considerations
Fluorescein has previously been shown to be an

effective method of detecting and quantifying fish
epithelial injury (Noga and Udomkusonsri 2002; Colotelo
and Cooke 2011). In this comparison with other
presumptive tests for blood, fluorescein demonstrated
the lowest rate of false positive detection for multiple
types of injuries. Its low cost, ease of application in the
field, and nontoxic nature make it a valuable tool for
field research investigating different sources of injury.
Fluorescein can be used to visualize latent injuries,
eliminating the subjectivity associated with conventional
macroscopic evaluations, and it is valuable for the
comparison of different handling methods and gear that
are used in the capture and holding of fish. This can be
especially useful in public outreach and education, where
visual presentations are essential to conveying scientific
results. For example, there is the opportunity to inform
anglers and commercial fishers of the potentially
negative consequences that may arise from poor
handling methods of fish that are to be released. Dedual
and Shorland (2006) and Colotelo and Cooke (2011) have
shown that photographs of injured fish due to poor
handling methods can be an effective education and
conservation tool.

Although the benefits of this tool are numerous,
fluorescein is a relatively new tool and has been used in
a limited number of studies. Overall, the proportion of
injuries detected in this study was lower than expected.
Therefore, further research is needed to evaluate the

Figure 2. Proportion of fluorescein detectable after treatment
(6SE), showing the residual detection of fluorescein on bluegill
Lepomis macrochirus administered with abrasions to the
epithelial layer (n = 10 for each time interval). Dissimilar letters
indicate significant differences (P , 0.05) in the proportion of
fluorescein detected. Data were collected from fish collected
from Opinicon Lake, southeastern Ontario, Canada, during 2008
field trials.

Figure 3. Proportion of injury detectable at various times
after injury occurred (6SE), showing the temporal patterns of
injury detection using fluorescein on bluegill Lepomis macro-
chirus administered with abrasions to the epithelial layer (n =
10 for each time interval). Dissimilar letters indicate significant
differences (P , 0.05) in the proportion of fluorescein detected.
Data were collected from fish collected from Opinicon Lake,
southeastern Ontario, Canada, during 2008 field trials.

Fish Injury Detection A.H. Colotelo et al.

Journal of Fish and Wildlife Management | www.fwspubs.org June 2014 | Volume 5 | Issue 1 | 32



severity (e.g., depth of epithelial damage) of injury that
can be detected using fluorescein. Moreover, there is still
little known about the potential interference of other
natural and anthropogenic chemicals (including anaes-
thetics). Fluorescein is capable of epithelial injury detec-
tion and although the potential negative effects of
epithelial damage, including infection, can be quite
severe, the long-term consequences of detectable levels
of injury have yet to be determined in wild fish (Colotelo
et al. 2009). Future research should focus on the sublethal
disturbances that develop from injuries detectable using
fluorescein, including physiological stress and infection, as
well as mortality rates that result from these disturbances.
Mortality, if severe, can affect population levels and is
important especially when dealing with conservation of
threatened populations or species (Simberloff 1988).
Evaluating sources of anthropogenic injury on fish and
the development of strategies to reduce such injuries will
benefit fish populations and also aid in the maintenance
of the welfare status of individual fish.
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