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Biofluorescence in marine fish is a recently discovered phenomenon (Sparks et al., 2014), but has not been studied in freshwater fish.  
In this study, 128 specimens of freshwater biota from 12 locations around Lake Huron and Georgian Bay were photographed under 
ultraviolet light.  It was discovered that biofluorescence is widespread across freshwater taxonomic families and species.  The discovery 
of these fluorescent pigments is important to developing biomedical imaging technology.

BACKGROUND
Biofluorescence in marine fish is a recently discovered phenom-
enon (Sparks et al., 2014), but it has yet to be studied in fresh-
water species of fish.  Biofluorescence is the absorption of light, 
and the re-emission of this light at a longer wavelength of low-
er energy by a living organism (Sparks et al., 2014). The purpose 
of this project was to determine whether freshwater species from 
Lake Huron and Georgian Bay exhibit fluorescence under ultravi-
olet (UV) light, similar to marine species of fish in the Cayman Is-
lands (Sparks et al., 2014). This fluorescence is due to the presence 
of fluorophores in organisms (Tsien, 1998), and can be correlated 
to the phylogenetic relationships and intraspecific communication 
between species (Sparks et al., 2014). This project aims to identi-
fy the genotypes and phenotypes associated with fluorescence in 
freshwater species. More specifically, focus was placed upon pat-
terns and anatomical locations of fluorescence, natural behaviours 
and adaptations, and phylogenetic relationships as components for 
investigating fluorescence in Great Lakes biota. Biofluorescence 
has numerous biomedical applications. Certain fluorescent proteins 
such as green fluorescent proteins, have specific properties such as 
emission wavelengths or environmental conditions that make them 
valuable to modern day medicine for tagging, imaging, and quan-
tifying intracellular protein (i.e. transmembrane protein channels) 
and organelle (i.e. mitochondria) activity (Tsien, 1998).  Studying 
fluorescence in biota is beneficial to furthering medical technology 
and understanding the hidden function of biofluorescence in the 
natural environment.
HYPOTHESIS
I hypothesized that i) freshwater species of fish would exhibit flu-
orescence when photographed under UV light, ii) closely related 
species that look alike under ambient light would have distinguish-
ing fluorescent patterns (Siebeck et al., 2010), iii) the complexity, 

locations, patterns, and prominence of fluorescence would vary 
amongst relevant freshwater specimens.  
METHODS
Part 1: Assessment of Biofluorescence
One hundred and twenty-eight specimens of twenty-six species 
of freshwater fish were photographed under both natural and 
UV light. These specimens were collected from twelve locations 
sampled in surveys conducted by the Ontario Ministry of Natu-
ral Resources and Forestry, the Nottawasaga Valley Conservation 
Authority, and the U.S. Geological Survey.  A Nikon D3300 Dig-
ital SLR Camera equipped with a Yashica CS-240 auto electron-
ic flash was used to photograph the fish specimens.  The flash 
was equipped with a Hoya U-340 + Schott S8612 UV-Only Flash 
Stack filter that blocked all light except light with wavelengths 
between 300 and 400 nm (UV light). The camera was adapted 
for UV photography using the Schott BG38 52mm x 2mm UV/
IR-Cut Filter Visual Bandpass IR Suppress filter to eliminate all 
UV light between 300 and 400 nm from the picture so that only 
visible light between 400 and 700 nm was recorded in the image. 
This camera system operated as part of a portable photo lab (Di-
mensions: 81.3cm x 45.7cm x 63.5cm) that was built from wood 
to photograph fish at a variety of different locations and ensure 
that images were captured in complete darkness.  Computational 
software was used to remotely operate the camera to acquire ac-
curate, focused photos. Fluorescence patterns of each specimen 
were quantified by determining if fluorescence was evident at 18 
predetermined anatomical locations. The phenotypes of fluores-
cence in these species were then characterized by calculating the 
average number of fluorescent areas by taxonomic family and by 
individual species, allowing for comparison with the genetic anal-
ysis.
Part 2: Phylogenetic Analyses
The phylogenetic analyses closely followed those described by 
Sparks et al. (2014).  The analyses were completed using se-
quences and tools available from GenBank®.  Unfortunately, 
several of the genes identified by Sparks et al. (2014) were un-
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available for the freshwater species sampled as part of this study.  
Analyses were conducted for cytochrome c oxidase 1 (COX1), 
which was associated with the International Barcode of Life Proj-
ect (Hebert et al., 2003).  As such, these particular nucleotide and 
protein sequences were well documented for many species of 
fish and invertebrates.  The Basic Local Alignment Search Tool 
(BLAST®) was used to compare the sequence of the base pairs 
or amino acids to the sequences of the same nucleotide or protein 
for other species in the database for each of the twenty-six spe-
cies. This allowed the similarity and relative proximity of two or 
more species to be measured at the molecular level for the gene 
in question. 
RESULTS
All twenty-six species of freshwater biota photographed in this 
study were found to exhibit some degree of fluorescence when 
photographed under UV light, and there were many consistencies 
among a number of the species.  The most common locations 
of fluorescence included the first dorsal fin, the caudal fin, and 
the operculum. Seventy-three percent of all specimens exhibited 
fluorescence on their first dorsal fin and on the caudal fin. Seven-
ty-two percent of all specimens (n=92) exhibited fluorescence on 
their operculum (also known as the gill cover, located behind the 
eye on each side of the head).  

When summarized by taxonomic family (see Figure 1.), Sal-
monidae had the highest average number of areas of fluorescence 
at 13.0 ± 1.00 (n=3).  Osmeridae also had a high average number 
of areas of fluorescence at 6.8 ± 5.36 (n=5).  Fundulidae had the 
lowest average number of areas of fluorescence among vertebrate 
families in this study, averaging just 2.5 ± 0.71 (n=2).  Centrar-
chidae species were found to average 5.9 ± 2.63 (n=48) areas of 

fluorescence.  Within this family, Smallmouth Bass (Micropterus 
dolomieu) had an average of 8.0 ± 2.00 (n=9) areas of fluores-
cence, and Rock Bass (Ambloplites rupestris) had an average of 
7.1 ± 2.88 (n=10).  Cyprinidae species averaged 6.4 ± 2.62 (n=54) 
areas of fluorescence, with the highest species-specific average 
for Spottail Shiner (Notropis hudsonius) at 8.6 ± 1.14 (n=5), and 
Spotfin Shiner (Cyprinella spiloptera) at 7.9 ± 3.33 (n=9) on aver-
age. These species had a notably higher average number of areas 
of fluorescence than other members of the minnow family. 
DISCUSSION
This study aimed to identify the genotypes and phenotypes asso-
ciated with biofluorescence in freshwater species of fish in Lake 
Huron and Georgian Bay.  Biofluorescence was first studied in 
the Cayman Islands (Sparks et al., 2014), but had not been stud-
ied in freshwater species prior to this study, perhaps because the 
pigmentation of freshwater biota under ambient light is rather 
mundane compared to marine species. In this study, it was found 
that all vertebrate families averaged between 3.0 and 6.4 areas of 
fluorescence.  The species that fluoresced the most among these 
taxonomic families belonged to the Cyprinidae and Centrarchi-
dae families.   The results of the phylogenetic analyses completed 
using GenBank® and BLAST® provided insight into the molecu-
lar identities of the freshwater species included in this study.  The 
cladogram (Figure 3) demonstrates how closely related two spe-
cies are by the cumulative distance from one another. This data 
can then be used to compare the fluorescence emission of species 

Figure 1. Average number of fluorescent areas among freshwater biota char-
acterized by Taxonomic Family.

Figure 2. Fluorescent pigmentation in Great Lakes 
fish specimens. A, Rock Bass (Ambloplites rupes-
tris); B, Smallmouth Bass (Micropterus dolomieu); 
C, Spottail Shiner (Notropis hudsonius); D, Spotfin 
Shiner (Cyprinella spiloptera).
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and observe patterns or intricate differentiation between closely 
related species. Generally, species that were shown to be similar 
at the molecular level exhibited comparable fluorescent pigmen-
tation under UV light. These similarities in fluorescent emissions 
compared very closely with similarities in molecular composition 
among these species, as Centrarchidae species were found to be 
closely related at the molecular level and have similar fluorescent 
structures. Similarly, this idea applied to Cyprinidae species as 
well.  These species were highly similar at the molecular level and 
also had comparable fluorescent pigmentation. 

In this study, new sources of fluorescent pigments have been 
identified in twenty-six species of freshwater biota.  It is probable 
that these fluorescent pigments will have various different genetic 
and physical properties as suggested by differences in pigmenta-
tion observed among taxon, species, and individual specimens.  
As these new sources and fluorescence types are explored, bio-
medical technologies continue to become strengthened and more 
diversified. Research to study functions within a cell (in vivo), 
has been conducted by using fluorescent proteins that are isolated 
from natural sources such as fish or corals.  More specifically, ex-
periments have been done using green fluorescent proteins (GFP) 

to study the way cancer spreads by imaging malignant cells mov-
ing through blood vessels (Hoffman, 2008, 2015; Cohen, 2016).  
Moreover, fluorescent proteins have been used to investigate how 
viruses such as HIV function so that potential cures can be as-
sessed (Cambell et al., 2006; Cohen, 2016).  Select properties of 
fluorescent proteins, such as those of the red fluorescent protein 
(RFP), are rare but valuable to medicine for applications such as 
illuminating neurons in the human brain (Miyawaki, 2005 & Co-
hen, 2016). Fluorescent proteins can be used to image activity and 
signalling among various cells and tissues by connecting fluores-
cent proteins to functional proteins to study their functions and 
behaviours in the human body (Miyawaki, 2005). By studying 
fluorescent properties of freshwater species, novel sources of flu-
orescent proteins could be identified, allowing the diverse array 
of fluorescent-based technologies to become more accessible and 
applicable in contemporary medical research and practice. 
CONCLUSIONS 
As I hypothesized, biofluorescence was found in freshwater bio-
ta with a variety of phenotypes and genotypes among twenty-six 
species and 128 specimens. Freshwater species of fish clearly ex-
hibited fluorescence under UV light, as initially predicted.  This 
fluorescence revealed some patterns amongst species and taxo-
nomic groups. I found that species that look alike under ambient 
light and are closely related often had similar fluorescent pigmen-
tation. Different intensities and locations of fluorescence were 
found to be comparable to marine biota (Sparks et al., 2014) as 
hypothesized, but all fluorescence exhibited was blue pigmenta-
tion.  No green or red fluorescence was observed in this study.  
Fluorescence is thought to serve a variety of purposes in the nat-
ural underwater marine environment, including camouflage and 
mating (Sparks et al., 2014), lures (Haddock & Dunn, 2015), 
signalling and communication (Michiels et al., 2008), and spe-
cies differentiation using ultraviolet light to discriminate between 
species that look very similar under natural light (Siebeck et al., 
2010).  It is probable that these natural processes of intraspecific 
communication could also exist in freshwater ecosystems.
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