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Abstract:

Largemouth bass and bluegill are the dominant invasive fishes in Lake Biwa, the largest lake in Japan. Understanding their predatory and competing behaviors against indigenous species is important to restore diminished populations of indigenous species. We, 

therefore, studied the feeding habits of these invasive species in Lake Biwa. 

The experimental fish were caught between June 17 - Sep.10, 2010 (n=152 fish for largemouth bass, n=74 fish for bluegill) and between June 2 - Sep 1, 2011 (n=173 fish for largemouth bass, n=213 fish for bluegill). All fish were dissected and examined for prey 

composition. The species of the stomach contents (partially digested) were identified based on the external appearance and the otolith shape. The sizes of prey fishes were measured or estimated from the otolith diameter. In case of crucian carp (Carassius spp.), 

alizarin complexone (ALC) tagging of the otolith was used to distinguish the artificial (stocked) fry from natural fry. Fecal mitochondrial DNA was extracted and analyzed for a 16S rRNA region based on qPCR-SSP using a SYBR Green I-based intercalator method, 

and clone libraries. For qPCR, universal primers were designed, respectively, for fishes (including amphibians), arthropods, and mollusks. In addition, crucian carp-specific primers were designed to determine the extent of predation. Clone libraries were constructed 

as follows: fecal DNA was amplified by PCR using universal primers, the PCR products were 3’-blunted, 5’-phososphorylated, concatemerized, ligated into plasmid, transformed into competent cells, and sequenced. The host sequences were removed using a 

restriction enzyme after PCR. The PCR conditions were optimized to prevent template-switching, heteroduplex formation, and the occurrence of chimera sequences. Based on the data of stomach contents and fecal DNA as well as fish fauna of the studied area, the 

selectivity index for prey species (E), and the index of relative importance (IRI) were calculated and discussed. 

Visual and microscopic examinations of stomach contents, qPCR of fecal DNA, as well as sequencing of fecal DNA clone libraries collectively revealed that largemouth bass tended to prefer larger prey, including ayu (Plecoglossus altivelis), than smaller prey, such 

as crucian carp fry (with the exception of a small freshwater goby, Rhinogobius spp.). Bluegill showed algal-omnivorous feeding rather than piscivorous habits. Largemouth bass had a stronger feeding preference for Palaemonid shrimps (Palaemon paucidens and 

Macrobrachium spp.) over Atyid shrimps, while bluegill showed the opposite preference. 

In largemouth bass, the E values indicated higher preferences for ayu (0.95-0.98) and goby (0.71-0.77) than crucian carp (-0.60- -0.46) for both 2010 and 2011 studies. The IRI values were higher for ayu, goby, and shrimp (P. paucidens) than crucian carp and other 

cyprinids. Besides the kind of prey species, the feeding preference of largemouth bass for indigenous species could depend on the following factors: the size of prey species, the degree of satiation of the predator fish, and the turbidity of the habitat. In bluegill, the 

IRI values (excluding algal matter) showed higher intakes for snails and chironomids. But, unlike largemouth bass, bluegill also consumed a wide variety of prey, including worms, fish eggs, shrimps, ants, armadillidiums, beetles, leeches, fish larvae, and among 

other species. 
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Fingerling production in rice fields

Stocking

How can we minimize the predation of fingerling fish by piscivores after stocking them  into natural habitats?

ALC tag

Clone Library qPCR

DNA Quantification

2. Blunting, Phosphorylation

4. Ligation & Transformation

5. Sequencing (Identification of prey species)

1. PCR of fecal DNA

3. Concatemerization

Analysis of fecal DNA

Specific primers

Pre-stocking 1 week 1 month After 1 month

Predation of Stocked fish（quantity of prey DNA in feces)

Largemouth bass

Bluegill

0

50

100

150

Pre-stocking 1 week 1 month After 1 month

Q
ua

nt
it

y 
of

 p
re

y 
D

N
A

 in
 fe

ce
s 

(r
el

at
iv

e 
sc

al
e)

Post-stocking

Post-stocking

-0.861174C. cuvieri

0.3922124C. grandoculis

0.64 / 0.627 / 1526 / 42Over 30 mm

0.05 / -0.0315 / 12226 / 15220-30 mm

-0.63 / -1.002 / 0148 / 125Below 20 mm

Selectiveity
index (E)

# of fish in 
the stomach

# of fish in 
the field

Body length (mm) 
or Species

Feed selectivity index for stocked fish of different sizes 

or species determined with largemouth bass

(2010 data / 2011 data)

Feed selectivity index (E) of largemouth bass 

for prey species  (2010 data / 2011 data)

-0.60 /    
-1.00

9 / 0
-0.46 /    
-0.44

33 / 27
770 / 
353

Carp*

0.77 / 
0.88

28 / 14
0.71 / 
0.73

54 / 5478 / 42Goby*

0.95 / 
0.98

6 / 2
0.98 / 
0.95

28 / 263 / 1Smelt*

E
Freq. of 
fecal 
DNA

E
# of fish 
in 
stomach

# of fish 
in the 
field

Species

* Smelt: Plecoglossus altivelis;  Goby: Rhinogobius sp.;  

Carp: Carassius spp. (stocked fish)

Standard length of largemouth bass (mm)

 

 

Summary

Largemouth bass feed mainly on fishes and shrimps, while bluegill feed on numerous prey organisms including plant matter. 

Results of fecal DNA clone libraries revealed some new species that were not identified by visual and microscopic examinations of the stomach 

contents. 

Largemouth bass have a strong preference for larger fishes, and thus smaller fishes are less vulnerable to its predation.  Bluegill do not have any 

size-preference for prey organisms. 

Largemouth bass have a strong preference for Palaemon and Macrobrachium shrimps to Atyid shrimps. Bluegill showed an opposite preference. 

Metagenomic analysis of fecal DNA may be particularly useful for larval to juvenile fishes as well as crustacean and molluskan species, for which 

visual or microscopic examinations of the prey species in the stomach is very difficult or even impossible. 

In making clone libraries, the number of PCR cycles and the PCR condition must be optimized in order to minimize the occurrence of template-

switching and the formation of heteroduplex, that may lead to artifactual sequences such as chimeras. 


