Feeding habits of largemouth bass and bluegill estimated based on stomach contents and fecal DNA
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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.
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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 S G C
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.), H I A PR EFE TU RE
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 |-based intercalator method,
and clone libraries. For gPCR, 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 Acknowledgments
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 (IRIl) were calculated and discussed.
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Visual and microscopic examinations of stomach contents, gPCR 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 Station for their cooperation and advice.

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 This study was partly supported by a

Macrobrachium spp.) over Atyid shrimps, while bluegill showed the opposite preference. grant administered through the
Agriculture, Forestry and Fisheries

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 Research Council of the Ministry of

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.

Agriculture, Forestry and Fisheries of
Japan.
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How can we minimize the predation of fingerling fish by piscivores after stocking them into natural habitats?

- Fizh fama (collected specimen mumbers) of surveyed field (2010 data)
Tatal
Analys I S Of fecal DNA Species 617-6030 Ti2-T2T 8/14-9/10 numb ers
collected
. I FHypamesus mipponensis 103 1
Flecoglossus altiveliz 1(6) 20N 2
Clone lerary : qPCR C}pnﬁiﬂscarpio 2 (30-45) 1), 1(15) 4
Carassius langsdorfi 4 (20-25) 5(15-25) g9
! - Carassius sppi 652 (1.7-3) 117 (2-3) 106) T
\ Zacea platypus 4(5-13) 2 (6-8) &
A = b Ischikania steenackeri ENy)] 3
/\ 1y 'Q SmCIﬁC UI rrers Trathopagon elongatus EXP 22(2-3) 1(3 26
/ n Sguclidus chankaensis biwae 3 (2-2.9), 1(8) 4
@ Acheilognathus rhombeus 2(2-2.9) 2102-3 13 (5-T 36
E W | ' Sarcacheilichthys variegatus 13, 88 1N 1
E § ENZI issxl . | mieraocuiis
% e !NZ”EM | Fseudagabio esacinus 1(5),1(15) 1{15) 3(m, 15 7
5 g 1' PCR Of fecal DNAW ‘ | . . ﬂﬁsgwfusangmfficaudams 2% 5030 £ (3-4) 13
a2 MN [ DNA Quant|ﬁcat|on Sthurus asotus 436,100 1039 6
5 E‘- . I Oryzias latipes 1{2) 1{2) 2
o 2 - T | Micropierus saimoides 9(1.5-2), 27 (2-3), 4 (3-4, 214
l i 2- Bluntlng, PhosphorYIatlon e o o e e e e e e e e e e e e e ’ a0(e-27n 44 (10-423 22 (5-103,
18 (11-28)
Lapomis macrochirus S0+ (4-8), a0+ (2, 47 (4-8), 243+
. . 41(8-13) 22 (4-5), 10 (8-13)
3. Concatenerization M/TINTIN>d e
Odontobutis ohscura 203 104 3
. . . Tridentiger brevispinis 1(m 1
Rhinagobius spp. 25 (3-5) 30+ (3) 23 (3-4) 78+
4, Ligation & Transformation g o :
Nusmbers in parertheses indicate approximate standard length in centitneters.
. - . . Do@mt species Of groups .other tha.n-f'ish it the studied atea incluc?,e -cm.stacea..ns [(Falacmon pausidens, Atyid
Stu T A [:l]_ [_'u]_]_tE ]_]_ts uf ]_H l‘gE o '“_t]_]_ hﬂss [:ED]_]_ data:] Stulnﬂ[:ll Eul"ten'ts Df l]].“.Egil]. I:EI:I]']' dﬂ.t—ﬁ:] 5l SeqLenCIng (Identlflcatlon Of Uey SmCIeS) ihj:;rz‘j;s‘::::::péf?:rfi;f:i)a,;r:f:;;n;oa;:goii;.:;E:iztoflil:lsdk:f:;:p::;ji?;m;?a., and were mostly Carassius
- grandoculis and Carassius cuvien.
Body length of largemouth below 10-15 15.90 OWET Body length of bluegill below 10 cm over 10 cm
bass 10 cm ot eV R o oy Mumber of fish dissected 67 58
Mutber of fish dissected 18 41 65 21 Number of fish with empty stomach 3 (4) 4 (7)
) ¢ Rt with (%a in parentheses)
Number of fish with empty 5 44, 3 (7) 15(23) 4 (19) Prey species IRI (%IRI)*
stomach (% in parentheses) Fishes Carassius spp. 10 (0) 0 (0 100 _Largemouth bass - Largemouth bass
Prey species IEI {(%IEI* Silurus asofus 0 {0y 27 (0 .I1 Il TRETTI II F
Fishes Plecoglossus altivelis 0 (0} 27 (1) 1260 (337 3789 (59) Rhinogobius spp. 0 {03 13 (0] 80 80 - |
Carassius spp. 00 62 (1) 175 (5] 2T (11 Fish eggs 4 (0} 67 (1] - 50 -
Cyprinidae 231 (4 102 (2) 204 (5) 288 (14 Ctustacea Falaemon paucidens 25 (0 12 (0 ;\B‘ i
Channa argus 0 (o Ny 0 (o 0 (o Atyid shrimps 0 (o) 2 (0 ~ 40 - 40 - I
Tridentiger brevispinis 0 {0y 0 {0y 4 (07 0 {0y Unidentified shrimps 4 (07 63 (1] % _— H
Rhinogobius sp. 5298 (34) 502 (8) 851 (22) 0 (0) Frocambarus clarkii 0 (0} 3 (0 0O 20 - = & A1 M
Gobiidae 00 2901 20 (1) 00 Amphipod shrimps 70 0 (0] qi)‘ o JURNIINIAIE % 0 HH L WA =uhs R HIL BT
Unidentified spp. 0 {0 323 (D) 45 (1) Ba6 (13 Insects Beetles (Coleoptera) ERIY 0 (0 o \ 2 L Y 1 Y .
shrimps  Palaemon paucidens 642 (107 42892 {(75) B (21 Bh (1) Beetles (sp. unidentified) 2 (0] 15 (07 “C_) Jul A > Jun. Jul. Aug. and Sep. 1
Atyid shrimps 0 (0} 2 (0 0 {07 Ny Dragonfly larvae 11 {07 5007 8 W ug. Sep. g .
Macrobrachium spp. 0 (o 16 (0 177 (5 0 (o Chironomidae larvae 2705 (41 556 (D) &U ' Blueglll
Unidentified spp. 165 (3 435 (71 253 (7 G4 (1) Ants (Formicidae) 71013 2 (0 o 100 il |
Procambarus clarkii 0 (o) 200 12 {07 0 (o) Inzect latvae (sp. unidentified) 243 (3] 45 (07 © 80 '
Insects Dragonfly 0 (0) 0 (0) 2 (0) 0 (0 Centipede (Myriapoda) 2 (0 0 (0) B Mollusks 4
Dragonfly larvae 26 [U:I 0 ':[:':' 0 ':D:' 0 (D:' Spider (Araneas) 7 f[]] 0 {Dj . Arthropods *
Tnidentified species 0 {0 L) 70 0 (0 Woodlice (Armadillidium sp)) 1 {07 14 {07 _ P . 40
*IRI: Index of relative importance, %IRL: Index of relative importance % Water boatmen (Corixidae) 500 10 {07 D Fishes + Amphibians
DOther terrestrial insects 0oy 90 20
Mollusks Anails (Gastropoda) 4974 (559 10175 (92)
. 0 '.ll--u - - e T Ror e ey e Trrrr e
Annelida Earthworm (Oligochaeta) ERQ) 1 {0 \ v 1 Y 1 Y |
Leeches (Hirudinea) 51 (1Y 16 ()
Jun. Jul. Aug. and Sep. 1
Plants** [77] [61] un u ug. and Sep
*IRI: Index of relative importance, %IRL: Index of relative importance %
**Percentages of fish that had plant matter in stomach (% F)
Identification of fecal DN A of largemouth bass and bluegill vsing clone libraries Identification of fecal DNA of largemouth bags and bluegill using
(2010 data) clone libraries (2011 data)
sampling period . 2 1; od
# Fish (sp. unidertified) B Plecoglossus affivelis i i i i i EFE Clones I__ﬁ_fé"ré}ié"fﬁig'l% ;;f '%Eflﬁ S 11 T et
A Rhinogobius spp. x Gobiids Clones 617 621 623 7z T " 9/10 e : . . :
RO e Fghes T e " Plecogiossus aliivelis 1 T S o
Rijypeoesusnpoanss.  mMEguIs anguicaiain Feed selectivity i : : : " Plecoglosus altvelis T T A B T T Cyprinid fishes 1T pTTT T R
— y index for stocked fish of different sizes | | ... %% RIS GIERS i A I - I A | prinic fishes [ S A I R A S
S 100 . ) ) F. alfivelis or Hvpomesiis nipponensis . T 0 ) Tridentiger brevispinis .« o oL o
e In 2010 or species determined with IargemOUth bass - Carassius spp.® J3L1 ______ lILEJ . Rhinogobius zpp. E___S___[ ___________ E___l_{_l_)___z __________ E___%___
v - Carassius cuvieri [ T C2 T C T Frogs | I | I I
(7] . . . . . . ' X X X X P el — I EpE— e S R PR Fmmmm - .
o w0 | Body length (mm) | # of fish in | # of fishin | Selectiveity " Gpsarivhtiys ancirasing Porg i T e japonica L@ A T B
o or Species the field |the stomach index (E) T Bibolodon hakonengis A T T cTTT ____Rana cateshetana =R ) R B T
=z T Cermid fishes T R P SR R I Shb R . Unidentified frogs® ., 3 . S SR S I
T e | Below20mm | 148/125| 2/0 | -0.63/-1.00 G e oo rbeggerege e b S degye (Crustacea T R N S A T T
S iR - S R b R g Palaeman paucidens C 18 ) 26 :
= x-S a0 mm o996 /71892 0 12719 L oos/o002 | I ] LT e ... S LD . . S  Macrobrachium spp. 1 o o1 Ly
20-30 mm 226 / 152 15/12 0.05/-0.03 - 4 - ! + - dme-ee- M qCrobracRIum s 150 S L S S R A
= |4 / / / A Lt B D Ayidshrimps N ) R I R R/ I
=) - At o Aaver30mm |l 26742 | 7715 |l oea/oex Il | | -F meenhiied Hahes ™ e L A L L o ... frocambarus clarkd . . e e 15
@ ‘lover% mm 245 7ias et Frogs : ] | : L __Amphipod shrimps 1 (1) 0 (12)  (6) 1 N
= ; - Hlajapowica O 1Ty 4 ____Daphnia spp. T AL ¢ B I A T
B ||C grandoculis 124 22 0.39 T Usidentified frogs®? T S S 6V R S Rt S B S R Tnsects T N T o o
% .. Crustaceans L A L L L L ____ Flies (Diptera) b oo T S R
= C. cuvieri 174 1 -0.86 T Balacwion pancidens T F S R s S . Beetles (Coleoptera) 1 e A E N (2
s o 1 1 . : ) 7010 deta / 2011 data T Masrebrackium e, T H S R T SRR . Aphids (Aphididae) L AR A )
50 100 150 200 250 300 ( : P paucidens or Macrobrachium spp. J """ L """ o ¢ 1 L 2 J -------- g E?—r-‘}-@@-?g-s ------------ ) I S S S b - oo
dard lenath of | hb Agwdshomps 0@ @) 2@y Coleoptera L 5 5 -
Standard length of largemouth bass (mm)  mphipod shrimp (Gamwmarussp) 1 (D U@ T WMoilusks (enails) T T i T
| Dephwasy N S N O NS S N B . Physaagcuta (D) 1 4A@ (@) (@)
Insects : ] | : L o Radixspp. G I 9 B R ) IR ¢
~ Flies Diptera) o o o o ____Laevapex spp. [ A €5 B b R
~ Flies or bestles (Diptera or Coleoptera) 1+ o o o r 15 ____Semisulcospira spp. v (2) S T L
7 Mayflies (Ephemeroptera) | 3T T T T T ____flomacea canaliculata | A I . L (1)
 Chironomids (Chironomidaeg) Ty T CTTT Ey T PR = Emd_f’ﬁ‘flﬂﬁd;ﬂaﬂsb — ! . - 3 — 2(1?1) d )
___Woodlice (Armadillidwmsp.) L@ 1 e moih bass, mmtoors n parenthoses. BhaedD e
. . . Mollusks J: E_ E i E_ _E *Unidentified frogs excluding the listed frog species.
—[150|; Predation of Stocked fish guartity of prey DNA in feces) il (Gasopedd TN T W T a0 T I T e+ eatgples of blusgill only
o N : snatl (Phyvsa actita) 1: :r ______ E ______ ? ______ E_ _____ _E_ Fon
§ Feed SeIeCtIVIty Index (E) Of IargemOUth baSS Humbers indicate the numbers of clones recovered (rumbers without parentheses: largemouth bass; nmbers in
= patentheses: bluegill).
g 100 LaI"@n”OUth baSS for prey SpeCIeS (2010 data/2011 data) *1 Carassivs grandoculis or Carassius langsdorfi
. . *2 “IInidentified species” includes species listed in this table.
® # of fish | # of fish Freq. of Hrigentified sp fules species lister i this tabl
L1 5017 Species | inthe |in E fecal E
O field stomach DNA
O
o| O] 0.98/ 0.95/ Summary
G 0 o
= ' — , \ ; , Smelt* | 3/1 | 28/26 | o 6/2 | §og | | | | | o
< 3 Pre- stocklng \ 1 week 1 nonth After 1 nonth ) . : Largemouth bass feed mainly on fishes and shrimps, while bluegill feed on numerous prey organisms including plant matter.
% Post-stocking * 0.71/ 0.77/ Results of fecal DNA clone libraries revealed some new species that were not identified by visual and microscopic examinations of the stomach
> Goby 78 /42 | 54 /54 0.73 28 /14 0.88 contents
> 2 | . . :
E- B|ueg||| Caro* 770/ 33 /27 -0.46 / 9/0 -0.60/ Largemouth bass have a strong preference for larger fishes, and thus smaller fishes are less vulnerable to its predation. Bluegill do not have any
o 1 arp 353 -0.44 ~1.00 size-preference for prey organisms.
> N : . : . : .
= * Smelt: Plecoglossus altivelis: Goby: Rhinogobius sp.; Largemouth bass have a strong preference for Palaemon and Macrobrachium shrimps to Atyid shrimps. Bluegill showed an opposite preference.
s |0 H- Carp: Carassius spp. (stocked fish) Metagenomic analysis of fecal DNA may be particularly useful for larval to juvenile fishes as well as crustacean and molluskan species, for which
e} L ' A ' A A ' A ' J visual or microscopic examinations of the prey species in the stomach is very difficult or even impossible.
Pre-stocking 1 week 1 month After 1 month ) In making clone libraries, the number of PCR cycles and the PCR condition must be optimized in order to minimize the occurrence of template-
Post-stocking switching and the formation of heteroduplex, that may lead to artifactual sequences such as chimeras.




