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Abstract: A metacommunity is defined as a set of local communities that are linked by diffusion of multiple
potentially interacting species. Now it has become one of the most important basic theory of biological
community structure, pattern, and dynamic in habitat patch. Four kinds of theoretical models, such as patch
dynamics, species sorting, mass effects and neutral model can be used to explain species migration and
describe metacommunity dynamics. The specific type of studied community can be explained by community
structure or ecological mechanism. Metacommunity can also be used to study stream fish assemblage, explain
fish community structure and so on. This paper prospects the future development of metacommunity research
considering the current situation of water ecological environment and aquatic organisms in our country.
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TV 1) 2% ) 5 ) 2 AR AR 2 BB A 2 2 0
LA ST o — AR I T AE R AR 5
HILR AL BB b 2 J5, SR AR —
S e B XA @ BRRNIX AR A
AR T S EYE (Leibold et al. 2004). 1EH
—ANSEE IR RS, AR
FB B 77 X 2% 18 T R RIAH B, &
T R I AL T D R A AR 85 A A P v A
P KRB A B R ALl 2 — (Leibold
et al. 2004, Holyoak et al. 2005). H#I, 4
BRI EFE A A 564+ 1 PR A Y (Zhang
et al. 2015), AT —SERIR AT T SRS 46,
HAEYRHER (Vanschoenwinkel et al. 2010,
Vilmi et al. 2016). 454 (Convertino 2011,
White et al. 2012) 156 4 K 5 G (RAUHT X 49 F
JLAEMI % (Limberger et al. 2011). A
G HER T ORI T B Bk (1] f1 3% 30 AN /e HI
(Angeler et al. 2010, Carraraetal. 2012). 7EJ)
WORAE & T RS b HORT £ 1 5
(Takimoto et al. 2012, Hammill et al. 2015) Lk
S RS RN [A) AR B AR N B 2EVE (Erds et al.
2012, Dallasetal. 2014) %, FEHurmA#E

SR SCRIEAE IR AR AU S B FRTE X — W
& CFWZREE 2002, X 2013, Xu et al.
2015)  ASSL IR T AL A BT BRG 1 B A P 250
WER 7k, AT B 2K B R (fish
assemblage) H [ —LERNH], B LE K [ PN A0
WM S 2% Bkl

1 SBERERNEX

Gilpin 45 (1991) f ARG R & A
— N A M BE I B 7% Ca community of
metapopulations ), ‘& A& $ M I 2 HUW AR B
Br, @R AT RS i S A R R TR A
J5 ok Hubbell (2001) ¥54HE iik A — A uk
AN Z AL A B BT ) — 4R I
% (local community). Leibold %% (2004)
TR B 5 T V& 8 XA 2 N1 e AH AR R )
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Fig. 1 Diagram showing the hierarchical structure of units used in the metacommunity (from Gonzalez 2009)
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2 REBIETHK 4 FriBrRl HIE NESHENDF TR (& 2)
BEHezh A& C(patch dynamics). 4 hP kT (Leibold et al. 2004). ¢ MEURHIH B Rt
(species sorting)- BEAAN  (mass effects) Fl LB N R Pl i B8 RAR A FH 25 S i A A

i RS (neutral model) TUBE A 12 Hik £z 2 [7] (Leibold et al. 2004, Holyoak et al. 2005,
BEEENAS 0 4 FOLATICHIN, I T@fAR  Logueetal 2011).
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B2 PAIF AR B 4 EGHEBRRP KT R RER (51H Leibold et al. 2004)
Fig. 2 Schematic representation of the four paradigms for metacommunity theory for two competing species with
populations A and B (from Leibold et al. 2004)
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Arrows represent dispersal among habitat patches; heavy, solid arrows represent rapid dispersal, light, solid arrows moderate dispersal, and dashed
arrows represent slow dispersal. Adaptation for specific niches is represented by shapes that match for species and habitat patches. Dominant
species are indicated by large letters, and subdominant by small letters. Species A is a superior competitor, but species B is a better colonizer and
can rapidly colonize empty patches. The patch dynamics model (panel a) predicts that species persist by a trade-off between competition and
colonization. Under the species sorting model (panel b), species are well adapted to particular habitats (niches), and dispersal is slow. In contrast,
under the mass effects model (panel c), dispersal is rapid among patches. Species persist in source habitats (larger symbols), to which they are well
adapted and disperse to sink habitats (smaller symbols) to which they are not well adapted. Finally, the neutral model (panel d) predicts that all
species are in all patches, and some will be lost due to slow random ecological drift, but this will be countered by moderate dispersal and

speciation.
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2.1 BERFHAHER

DB A B G ST A By U5 A= ) M BE 2 11
MR SEA 2 b, AR ARSE A B e
A DLE I R e S RO K BT, ok
YeE RERNPIRR Z A6 (8] 2a) (Holyoak et
al. 2005). X—HIAEOE, Joiea i Bk
Mo P B DS AT R, AT g A
B, & RSB (spatially implicit
model) (Falke et al. 2010). Z/M[A] FiBEERZ )
BELIFIRA S PR AP K 4, XK 48 m] B2
YA A BAE 2w, IR BRI -
TV N £ 101 2 TR X SR A7, 2 a4
PHehE SR (trade off) SR4ERE (Tilman
1994) . EIXAMEA A, — IR E TR S K
265 JEAH OGN RIMICK 418 6 kA e TR
XN K AR B N A 2 R ) — A T
MU (Tilman 1994).
2.2 YRR

eSS B, A RIYIRN A A AN ]
BT K PyFinT LIE i Z2 1% 1T 7843 (9 #L
RS TR ST, B S5 M A PR )
BEEEHIL T A A AR . X Fh B TRl ) 4y
A 2K VT PC I 55 ) BE RS FR A W) Rl HE P A (]
2b) (Cadotte 2006),

KR AR L M RS B R b,
TEPIFI S A5 2 AR A T SR INAESML R R
SR JR AT N I L, T RO ER
SRR SR IE Y, S A () U A Cspatially
explicit model) (Falke et al. 2010) . iX % 1
VERC PR [ 485G, AR RN B 2 R
B AREYIR R T YE, AR Al ) 2% 8]
BRI S o

YR B S AL G 0 G TSN A S
HLAE M EIR AR Z A1l 2 &b (Holyoak et al.
2005) . ARTAESE K23 0 RS b, PFh
TR SVT Ry 3l A U ) P 4 Rl 3ok A JRy Bk B v
(IR E IE (track changes) SR4ER: Jay il B8 4¢
PES YRR —2% (Leibold et al. 2004) .
{H Shurin %5 (2004) 13 #r&H], BRIEA 2%

SOBZS 2 i Il FEEE° SE oS- LW N N B 2
TEAS R RAE (1) JR U
2.3 BRERNVARE

AR S B BR8], — AR an R fg
% 3 N A B A7 TR AR, AN Y U s PRI AL
BIFEAESE, IF Hool DO i R I AR KR
SRR R SE P HE R DT AR K 4 UG
XA S EUR-ESN A (source-sink dynamics) Al
EROBNY (rescue effect) HLG IRIRFR Jy FEAA
RN (] 2¢) (Leibold et al. 2004, Gonzalez
2009),

AR OSSR AR R S SR Vi BB T )
HEAZ 2] 7Y H R 25%m (Holyoak et al.
2005), HERFIXPIE B9 B o T B0 - FE B
A, T PERPREED A ROROV R 4ERE (Gonzalez
2009) . X —HLRL FGFRAEE L SR, O A A 2
B . ARSI, P REAN SR s A B B
P e 4 SRR . (BPYESR, T
AT DR PRI HE e ) ek, LR ) 8 SR AR
(), Frel kb sl oK 4. SR, 7ed
HIREVR AT T, 2 T R T v b PR A5 DA 2%
WHEZ, PO R B NIRRT, —L
YRR AN ReAE AR SR B H b A2 47 (Falke et al.
20100, I e I, BT RO R
HOZ 0 R VR S AR F 2R 5%, BRI
e — AN 2 W Bl R U - R B A R E RN
(Mougquet et al. 2002, 2003, Borthagaray et al.
2015) . ¥ HUIAE S, JEAN AT LR Rt
A AR R R R, B R R, AT )y
L4 = Jmy 38 BE 1 450 2K % (Holyoak et al.
1999) o FEARRIN FNBELR BN A S B 2 W) R HE
FPRE R R RIS DL, BT TR X0 A T4 HK
225 PERBIAS TR HOZ G, DAk
FPRET R SRR, BN AR T g
PRIy (Winegardner et al. 2012).

2.4 HhPEER

PR, FEAEBE R B, H
HAHATE S g TR fie I RadE A R B A 0 Rl
H T2 AL AL AR, AT RES tH I
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PR CRYES I HD, HA] DU o R 9 5
QTN MR ek 4h 78 (Leibold et al. 2004,
Holyoak et al. 2005, Falke et al. 2010) (¥ 2d).

MARUEGE, I R H A A R 1 AR
B AMY AL )] (Hubbell 2001). 12k
AEFR (ecological drift) FIBEHLYE K4:. L
MR R R, o R4 ErgE
BEHLAE{L (Bell 2001), iXAf, Japal ) ok 443
A X IR AN R, 2 AL S v
P EOE R AT (Falke et al. 2010). YANTEALE
YRR E G AR, &S ST AP
WM K45 (Chesson et al. 1997). iX— AR
SEBAA RS I, (R A E M YL
WA E B (McGill et al. 2006) .

rh AR R SN AR B 1) B AT
HYMEAE DE S, KR 2 Em BTt
WK S Pl Bt A A A P A TR i [ 5 R 1)
Wbs 2) PrEYM I ERAME R AR, T
FRYHOE . RN, RAEE MK Z
R GE Tt BRI R B A 5% Wi A 2548 T B B
FEYOE R R, SRR A PR AR 22 R
s “FMEZ A A7 (zero-sum
multinomial distribution) (Hubbell 2001).

3 KBTI

G B T IO WE 9T 3 0 I TR A
(Holyoak et al. 2005, Driscoll et al. 2009) (4=
AR (Leibold et al. 2002, Hausdorf
etal. 2007) fc ik Frift 5 7% & T —Fify
SEME SRR R RS MBTT AL, 2
T I PPl SRR TR E ML T P AR RV IR B
FERI Ao A, K s B B 8 ) TR R A A5
L (Presley et al. 2009). A= &P UHIHT 7T AR
VL o — 48235 ) A O (1A R R ARRE P ol (1) 3 A1
Can TR PTIR SRS A L DR R . AN
Freh AR (Leibold et al. 2004) .

W& 25 T 5 n] DOl IS — MR 5 5 A1 i
HICECHFE  (site-by-species incidence matrix)
RN PRI A () — 3 PEAS SR, AT PEAS 4

Bl o> A B3 (Leibold et al. 2002, Presley et al.
2009). X JriER R > A IR B 6
AR ORI MRS i), H AR SRR DA
3 ANJrm: #EBME (coherence ). ) Fh i
( species turnover ) F1 il % % £ ( boundary
clumping). & #4524 (elements of
metacommunity structure) (EMS) i F T-iX K
W PP BT PR L SR AR DT I
WD) £ R AR PR o AT i S AR . A
VIR P B v 2 R A A e i N 2R i 2R )
Bk EIE T M T AN AT R
APy AT e B IR BOR T S s T R
Morisita FEECRVPAl, AR AR B A 150 ] sl
BRI A BUE L (Henriques-Silva et al.
2013, Dallas 2014). SCHEAFE Fik =AM A
SR A A A AT DX 43 7S AN [R] R A8 =X
(%1, EF3): fiKE (nestedness). Clementsian
FfJE (Clementsian gradients). Gleasonian £fi /&
( Gleasonian gradients ) . %% [d] & Bf BF
(evenly-spaced gradients ). 4% (checkerboards)
FBEHL Crandom ) ( Leibold et al. 2002,
Henriques-Silva et al. 2013) . i ik A 205k 2% 1)
Bk ROETTME, AT B UG,
WA Ao A BapL, BN A A5
o EDTVER W IEAHOCIS, T AR R R
THER, A7 BB OGN Ik Sk, A
2 B B EAH OGS, WA Morisita $5 200t
LGRS, Morisita 50T 1 S5 RIBE 4>
fi; $EIE 1 4 Gleasonian B6JE 434 KT 1)
)% Clementsian #f /& 4> 4ii (Henriques-Silva et
al. 2013, Dallas 2014) . H i 7E i 2E & 48 (Presley
et al. 2011, Lopez-Gonzalez et al. 2012, de la
Sancha et al. 2014) FI7K E R4 (Heino 2005,
Ercs et al. 2014, Fernandes et al. 2014, Schwalb
etal. 2015) Jj AN o IXFh PN
B BIBETT, 0 LA SR U 1 AR AT 11 &
N Z PRGN ERZZR (Presley et al. 2010).
AR FHRBE IR, AR AR & 7 IX
(variation partitioning) i 7 8355 Rl % i) w2
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£ 1 6 FEEIRIERIHR (5114 Leibold et al. 2002)
Table 1 Six hypothetical patterns of reference and their descriptions (from Leibold et al. 2002)

» , e \ , : et
Bt K P g o B AR
Current tests . Metacommunity
Pattern Reference . Coherence Turnover Boundaries
available type
Connor et al. 1979,
. Diamond et al. 1982 N
IR ' bbb, RS
g]ﬁk board Diamond 1975 Schluter 1984, Stone N)UHJI?% fﬂj%hlﬁ’“ .
eckerboards et al. 1990, 1992, egative atch dynamic
Scheiner 1992
T Morisita < 1
=N = > = =N .
BAL . Al G w;%_ﬁ?;éﬂ Zi TwENER R
Simberloff 1983 ) Not significantly Not Not
Random Not applicable . — . Neutral model
different significantly significantly
different different
Patterson et al. 1986, N N .
wETE Patterson et al. Wright et al, 1002 T SR B
Nested subsets 1986 Wright et al. 1998 Positive Negative Mass effects
e |G e = L *"'ﬂ
;lTl‘ﬂ}ﬁgE 4 Tilman 1082 Underwood 1978, IEARSG IEARSG UIViEPS i%ﬁﬁkr%/jnﬁ/&
ve o space Hoagland et al. 1997 Positive Positive Negative pecies sorting
gradients Neutral model
s s s PR R HE T
Clementsian Clements 1916 Hoagland et al. 1997 ﬂ:)r_ﬁ,jt ﬂ:)r_ﬁ,jt JM,H_X Neutral model/
Positive Positive Positive . .
Species sorting
Morisita > 1
s . TREEZS BB
Gleasonian Gleason 1926 Hoagland et al. 1997 ﬂ:*_ﬁ,jt ﬂ:*_ﬁ,jt Not Mass effects/
Positive Positive - . .
significantly Species sorting
different

L VR WIS 2 A SR ) =5 B 3h 28 A2 R
( Peres-Neto et al. 2006) . i i JU 4% 7 #r
(redundancy analysis, RDA) AL XS B 53 #r
(canonical correspondence analysis, CCA) %55
% ST NER— ON AR Ry, Z BTN T X
CARFABE I A 1) 5 G 51 22 B mi b AR £ Y (4pl
AR FUE WL X iR (] 4)
(Peres-Neto et al. 2006) .

Cottenie (2005) filif{] CCA ik % zxiliind
DX 3 WA 3= e FEE IR AR AR DX 23 A AN [ A 1)
B, AT 4 7 P58 R ) ek 2 R A R 53
FErIABE AR5 0] S AR OGRS 1. BRI
MR AR SR LAy A 4 98 (3R 2), (HIXUEAR &
87 BEAS e B IX 4 4 ARG VR Y
CB& T R HE A7 SS) (Ng et al. 2009), A
REMT PP B4 PE - (Jacobson et al. 2010)
Cottenie (2005) 4347 T 158 j H AR MK 11 G T

PR 2 1) A DA K g B v A R R SR PR SRR
Rl 1 AN F SR b AR 2 ) DS 3R
XY E RER S AR . R T — A2
JUAR R P IX ik, T R A S i A X
P HOERERARRE W, A MRS R AT
IrKe AETP PRI s B sh AR A, I
()20 AV S5 R A R o R HE P
PRS0 Jo R AR R4 SR Wi e Sl v 444
REGAZ B VR S AT WA MRS . AE 158 F
SCHRH, 44%IE 5 TR HE PR, 299%3E &
TR AR RNUEAR RN, BEBR A A& B
PR 8%,

4 EEBMEENRARBERARETH
N

TR G EREEW, —REAZENT
HIAs, EIEER A AaR O E /N T X
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[IENENTTR
Embedded absence

- EEEEEEEN -]
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Random
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Checkerboards

i el T AR T AL
~| Species replace each other
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AU T

Calculated as the number
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s

53 Boundary clumping

FEHEMorisitali i 5
Calculated using Morisita’s index

R
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8

Nestedness

S5 ]

Evenly spaced

>

IES T
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B {f7F Presence
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B3 HEFERE. UMEEANURRENESTHELHSH (EMS) 4HriifE (518 Henriques-Silva et al. 2013)

Fig. 3 General framework for the elements of metacommunity structure (coherence, turnover and boundary

clumping) (from Henriques-Silva et al. 2013)
HURFE M, ATAREYIF . NS RARARBEMK. “+7 FREELMHK, “—7 RRBEHMX (P<0.05).

Columns represent sites, and rows represent species; NS stands for nonsignificant. A plus sign signifies “significantly positive”, and a minus sign

signifies “significantly negative” (P < 0.05).

R85 (Poff 1997, Brown et al. 2010). Ji[¥ifh
KT BRI Cp=oe, 0. B
K TE LA A F . PR X A AR B R E R ()
AR ESI, AR A B B P RS A e

SERCEAT TR AR NS 5 (Schlosser 1990, Fausch et al.

2002). MEAHh, WS R EL M S, TR
A gy )2 R R B X ( Fagan 2002
Campbell-Grant et al. 2007, Altermatt 2013). H

SR A (B m] LAAR 25 5 b B 1 £ 2 A A 5
3T # (Winston et al. 1991, Morita et al.
2002). Pk, WA S EEAE A E BN A,
DA AR BT 1 2% A e HERN A0 S8 AR B 2 AT RS
PIRES . FHL. S BERT Jy Rh e ) K 4l H
FER R KA R IS FE M Gk (Taylor et al.
2001, Heinoetal. 2015a).

Urban (2004) & e R 4N A5
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‘ Ll o] e [d]
X P ClnERED FR?N i
ALY Explained by X (e.g., environment) Unexplained

Variation in Y =

Explained by W (e.g., space)

’ P W R s ) )

B4 RMZREYEFATPE T X QFHFRET) « W ZEERTRNET) ZEKZRES X
(5| A Peres-Neto et al. 2006)
Fig. 4 Variation partitioning scheme of a response variable Y between two sets of predictors X (e.g.,
environmental factors) and W (e.g., spatial predictors) (from Peres-Neto et al. 2006)
Y AR N LR LAY (D) BT AR W]I[a+ b +c] (fa+b+c]=R% ipxwp) : (2) FETHFE X Hi[a+b] ([a+b] =R,
s (3) HETHMEW b +c] (b+c]=RPyix) 5 (4) i X R a] =[a+b+c]—[o+c]:  (5) W R4 t[c] =
[a+b+cl-[a+b]: (6) i X FIWItHAhi[b] =[a+b+c]-[a]-[c]: (7) XHFWAGEMHRAIZL]=1-[a+b+c].
The total variation in Y is partitioned into several fractions as follows: (1) fraction [a + b + c] based on both sets of predictor matrices [X,W] ([a + b
+¢] = R%xwy); (2) fraction [a + b] based on matrix X ([a + b] = R%x); (3) fraction [b + c] based on matrix W ([b + c] = R?%x); (4) the unique
fraction of variation explained by X, [a] =[a + b + c] — [b + c]; (5) the unique fraction of variation explained by W, [c] =[a + b + c] — [a + b]; (6)
the common fraction of variation shared by X and W, [b] = [a + b + c] — [a] — [c]; and (7) the residual fraction of variation not explained by X and

W, [d]=1-[a+b+c].

K2 ETHESHEMZRZRBEMCHRESHERAR (518 Cottenie 2005)
Table 2 Decision tree for relationship between significance structure and metacommunity types
(from Cottenie 2005)

AT A3 T R PR A B ANHHS T IR 10 25 ) A2 B

B AR 7 ) AR . . . AR R
Environment [£] Space [S] Environment independent of Space independent of Metacommunity tvoe
P space [E|S] environment [S|E] yiyp
(not) sig (not) sig. sig. not sig. SS
(not) sig. (not) sig. sig. sig. SS + ME
(not) sig. (not) sig. not sig. sig. NM/PD
not sig. not sig. not sig. not sig. A€ 1) No found

sig. HEVE SR P4, notsig. AT ARG (not) sig. TRWEAN LA B, SS. YA, ME. BHARINAL,; NM. &
YRR PD. BEBRBHAML,
sig. Variation component explains a significant part of the variation in community structure; not sig. No significant part; (not) sig. Either. SS.

Species sorting; ME. Mass effects; NM. Neutral model; PD. Patch dynamics.

RURMERR AR ) R BEVR S50 . BRI M. fEEKRSG, o T Uee i s A )
BT e R R R NIRRT I e 4 b &5 M AR, 8 2K 00 A W 2 ik B al
(Winemiller et al. 2000), Walker %5 (2007) H Clementsian #%:{ (Henriques-Silva et al. 2013),
PR AR AR BRI T SRR E Y T ERE )RS ) 252 B (A 5 R R e A AR
v, (HX—BRCVA TN VA 45 (de Bieetal. 2012). fEMUK RS, Wfedt A
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SRIAEAJRE (Rodriguez-lturbe et al. 2009),
0 28 0] L Ik I 53 A R Bl K i AR
%54 (Jacobson et al. 2010, Carrara et al.
2012), %¥4 Gleasonian #ix (Heino et al.
2005) o 71 H A7 SR P08 Bl ] 3 52 21 M F )
N B 7 O I e TR R RS &
(Cook et al. 2004, Ibarra et al. 2005) . Heino
& (2015b) 3 HT T 45 AMELE ER KRR K (1R
KEGHE, SRR RZHORIPMTE

BEHERAT CELR/BKER) BRI
Refuge habitat (late summer/fall)
mass effects

Clementsian FIZEBURERE .

Falke %% (2010) 5T 1 3¢ [ A1 B A2 )
G, FA T AEE S BRI O R A
RIERF RPN ELNE (B 5. f2HFF
KMATE, PRI T & F AT S/ RS AR A
[F] ()P R AR BE B, Pkt A n] LUAE 2 AN RS
Peeb= i, WA e A A REAR 4 AR X — I
WIS BRI . X — YRS 1)
PHUZ, BAEKAER IR, PR NEZER

IEOAERE (B HIEL) PR
Spawning habitat (spring/early summer)
species-sorting

AR (&) /RGNS
Overwinter habitat (winter)
neutral or patch dynamics

B 5 REAFRARARESTIENSIZSHEE (5] Falke et al. 2010)

Fig.5 The paradigms metacommunity dynamics of great plains fish (from Falke et al. 2010)
MM T S Ay By C = AMIRESR SRS S MR, MR RS 7N, . &) MM (K
Yoo B, H. =A%) W aBRRR ™S, = MBRR RIS, NIRRT A RN A B . S hakon
TR, ALY .

Theoretical model of Great Plains stream fish metacommunity dynamics with emphasis on habitat heterogeneity, movement, and seasonal flow
variation for three species, A, B, C. Arrows connect seasonal macrohabitats (large open circles: spawning, summer refuge, and over winter) and
metahabitats used within seasons (patches: smaller open circles, squares, and triangles). The open circles represent harsh habitat, the open triangles
represent benign habitat and the open hexagon represent all homogenous habitat. Solid arrows indicate rapid dispersal rates; dashed arrows

indicate slower dispersal rates.
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Fig. 6 Ordinated data matrices based on functional organization for each of the three focal river basins
(from Torres 2016)
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ZREPE-JEIAM Co—p) , AETE-ISHTY (pe) , MV IH R (p-ep) , AEVE-HISRIIER (p-oe) , METE-JHIA (p-p) .
Sites are numbered according to their geographic position with smaller numbers representing locations at lower latitudes (downstream) and higher
numbers representing higher latitudes (upstream). Species that utilize opportunistic strategies have short generation times, produce lots of offspring
per reproductive effort, are small in size, and show little parental investment. Species that use periodic strategies have long generation times,
moderate reproductive effort, large body size, high batch fecundity, and little parental investment per offspring. Species that have an equilibrium
life-history strategy have moderate generation times, low reproductive effort, variable body size, low batch fecundity, and high investment in
offspring. Acronyms for functional groups are herbivore—periodic (h-p), invertivore—equilibrium (i—e), invertivore—opportunistic (i—o),
invertivore—opportunistic/equilibrium (i-oe), invertivore—opportunistic/periodic (i-op), invertivore—periodic (i-p), omnivore—equilibrium (o—e),
omnivore—equilibrium/periodic (o—ep), omnivore—opportunistic (0—0), omnivore—opportunistic/periodic (0—op), omnivore—periodic (0-p),

piscivore—equilibrium (p—e), piscivore—equilibrium/periodic (p—ep), piscivore—opportunistic/equilibrium (p—oe), and piscivore—periodic (p—p).
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