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Relationship between complexity and diversity in aquatic food webs
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Abstract: Food webs are at the heart of understanding the biological structure and functioning of ecosystems. Exploring the
complex structure of food webs is one of the central issues in ecological studies. Previous studies have developed two
hypotheses, i.e. link-species scaling law and constant connectance. The link-species scaling law assumes that food webs
with varying diversity have the same linkage density. The constant connectance hypothesis states that food webs have
constant connectance though their diversity varies. Given the inconsistency between the two hypotheses, it is critical to
explore the correlation between food web complexity and diversity. Based on the constructed food web structure of a seagrass
bed in the Yellow River Estuary and a well-studied actual food web dataset “TroModels” , we totally collected 48 food web
cases comprising estuarine, lacustrine, marine, and riverine aquatic ecosystems. In this study, the food web complexity was
represented by three metrics, i.e. the number of links, linkage density, and connectance, and the number of nodes in the
food web indicated its diversity. We used the trophic scaling model to describe the relationships between food web diversity
and complexity in various aquatic ecosystems. Our results showed that the food web diversity and complexity of the 48
aquatic food webs varied, in which the number of nodes ranged from 4 to 124, the number of links ranged from 3 to 1830,
the linkage density ranged from 0.75 to 15.71, and the connectance ranged from 0.06 to 0.25. The food web connectance
differed significantly among different aquatic ecosystems ( P=0.01) , but there were no significant differences in the number

of nodes, the number of links, and the linkage density of food webs among different aquatic ecosystems. Both of the number
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of links and the linkage density increased with the increasing of the number of nodes (R>=0.92, P<0.001 and R*=0.82,
P<0.001, respectively) , and there were no obvious correlations among different aquatic ecosystems. In addition, the food
web connectance decreased with the increasing of the number of nodes (R*=0.06—0.41, P<0.001) except that the
connectance of the lacustrine food webs showed nearly constant value (about 0.20) with the increasing of number of nodes.
The quantitative analysis of aquatic food webs on a global scale in terms of food web diversity and complexity provides
support for scientific understanding of the complex structure of food webs and the exploration of the relationship between

diversity and complexity at the system scale.

Key Words: food web; diversity; complexity; linkage density; connectance; aquatic ecosystems
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E1 8N KEESRERVMRFINSGREE
Fig.1 Map of the 48 studied aquatic food webs

F1 BAOKEESTRERYREGIHHFE
Table 1 48 studied food web cases in the study

S TEY] gy EHUIREHE R oy ORI
Food web case Type Food W‘Eb Food web case Type Food W_Eb
properties properties
FM 1T Yellow River Delta wetland E DFC, GFC Oyster Reef M DFC
Sundarban Mangrove (virgin) E DFC, GFC, ML Baie de Somme M DFC, GFC
Sundarban Mangrove (reclaimed) E DFC, GFC, ML Bothnin Bay M DFC, GFC, ML
Ems Estuary E DFC, GFC, ML Bothnin Sea M DFC, GFC, ML
Swartkops Estuary E DFC, GFC, ML Baltic Sea M DFC, GFC, ML
Sunday Estuary E DFC, GFC, ML Southern Benguela Upwelling M DFC, GFC, ML
Kromme Estuary E DFC, GFC, ML Peruvian Upwelling M DFC, GFC, ML
Neuse Estuary (early summer 1997) E DFC, GFC, ML Northern Benguela Upwelling M DFC, GFC, ML
Neuse Estuary (late summer 1997) E DFC, GFC, ML Narragansett Bay M DFC, GFC, ML
Neuse Estuary (early summer 1998) E DFC, GFC, ML Chesapeake Bay M DFC, GFC, ML
Neuse Estuary (late summer 1998) E DFC, GFC, ML St. Marks Seagrass site 1 (Jan.) M DFC, GFC, ML
Mdloti Estuary E DFC, GFC, ML St. Marks Seagrass site 1 (Feb.) M DFC, GFC, ML
Mangroves (wet) E DFC, GFC, ML St. Marks Seagrass site 2 (Jan.) M DFC, GFC, ML
Mangroves ( dry) E DFC, GFC, ML St. Marks Seagrass site 2 (Feb.) M DFC, GFC, ML
Lake Findley L DFC St. Marks Seagrass site 3 ( Jan.) M DFC, GFC, ML
Mirror Lake L DFC St. Marks Seagrass site 4 ( Feb.) M DFC, GFC, ML
Marion Lake L DFC, GFC Syli-Romo Bight M DFC, GFC, ML
Lake Oneida (pre-=ZM) L DFC, GFC Graminoids ( wet) M DFC, GFC
Lake Oneida (post-ZM) L DFC, GFC Graminoids ( dry) M DFC, GFC
Cone Springs R DFC Cypress (wet) M DFC, GFC
Silver Springs R DFC, GFC Cypress (dry) M DFC, GFC
Crystal River (control) R DFC, GFC Bay of Quinte ( pre-ZM) M DFC, GFC
Crystal River (thermal) R DFC, GFC Bay of Quinte ( post-ZM) M DFC, GFC
Florida Bay (wet) M DFC, GFC, ML
Florida Bay (dry) M DFC, GFC, ML

E WA ARG L WA AE AR GE s R AR AR GE s MO AR R GE DFC ST I RE , GRC DG R ML D B B3, BRI = S ey 4,

HA B L4 55K Tromodels HUHIE 1 7 4 Fk

http ; //www.ecologica.cn



10 BEhe A KEASRERYIME AT S ZHAER R 3859

1.2 SR JetEdatn

PAEE W) 0 (1 05 BRAE I A 2R (AR RS 0 2, 3 HL A 38 9 T EL A A [ 4l 1
P& 1B SRR ( Trophic groups ) FIEJE (UH/K AR - BURLY) R PEA L5 BB

T 04 52 2 A R A 45 B ) I ) B2 B B RN B . ) M A B 4541 ( Trophic links, L) AP
Py G 8, X AR SORE JE TroModels $50405 52 B4 I 58 491 9 49 b 28 AT H 550 R B B AL I A
I Y NERE SRR () XN TEFRE, FEHZ RN EE A B XR; (2) X TE &, ASCEEh
WBHRH EMEHEMN LR, M THMEERAZRBE MR AL RN 4 3% % (Linkage
density, LD) VAEY I v 280 S5 W A RO FLAE SR AE , LD = L/S . %38 J& ( Connectance, C) Fan— %
Wb 2 (6] AH LA IR R A SR, C= L/ S7

A TR] K A A 25 2R G0 B W 0 R FH B0 R R i (one-way ANOVA) S0 Ho AP B4k i s 4
FE R 0325 5 (P<0.05) , JFFIH Turkey IEXF AR A AE B R G B MR FISEATPIM LA, EiRHrYy
it SPSS 20.0 #1E,
1.3 BSR4 R

45 RGEHE (scaling law ) F FIRFR8 M B4 B A0 24 B 50 R TR 8 ft 2Z RIAEAE I S am B R . e ) B
P, A FIA F T FR 46 RAR R (Trophic scaling model ) $# 348 B 4 (R 1) 52 24 PR RRAIE Bl £ 40 0 22 R4 1Y) 3
R RN ek 5 2R Z I A RO R

L=a, $" (1)
LD =a, S™ (2)
C=a,$s" (3)

K L MBS, LD NBE T, C MM E S W EYM T S, a, vay ay. b, b, by HHEEL, FIH Origin
2018 TR BRI G .

2 #R

2.1 EYIMEZRETERE 22k B AL AR

48 MK E S RS T S AR TG 4—124 (&1 2) , AR K A B R G AR Y M S8
AETE R EVEZE H (ANOVA F, ,=1.71,P=0.18) , MG ERRGEA KRS SU8UAME (46.16+32.46, 11
EbRiEE ) YO DA R G0 (33.14+27.23) FWITAAE S R G501 (32.80+38.53) i i AE W R R
BT s (12.257.76) o [FIEE  HEVEA S RGBT WM S 01 015 RO s 7R S 280 (1.17) i E il
TERITIAT A 285 2R G0 B X 2 4910 ) 19 SO BRA 78 S R A0 L (0.70—0.83)

X B I EE B (o3 AR Ya R R 3—1830, 1 2) , RIRDK AR S R G B M EE A AN TE b2
S (Fy 5=1.17,P=0.33) . AW S0 EA B m W HAU(E (470.40£638.37) , K BB AS RA R
B (391.67540.41) [ 1 AE 25 R G %240 (238.00+417.72) , Il Ui A2 25 R G &2 W) W 22 91 e (1K (27.5+29.01) , A
[] A5 25 2R G B ) W 22 9 ) B B A B 78 5 R 8 (1.05—1.76)

1) R e 28 ) A AR R 0.75—15.71 (& 2) , RRIK A AR 38 R G A B 1 W B 5 AN A i 3
PEZESE(Fy ,,=0.91,P=0.44) . A[a] A= 35 22 50 15 W W 5 10 1) B 22 28 2 1) 22 S Ak 5 LB 422 B0 22 S A ik
o1, WA 25 2R G5 ) 22 01 P 4 4 85 P A A0 15 (6.79.+8.04 ) | HiR e 1A 5 R G 4101 (5.69 £4.68) FITA
AASRGELEN](4.35+3.77) , MHRAESRE Y M EBIRAL(1.68+1.12) , BT A R G0 & W0 N ZE 461 (1) B 12
PR AR S A B = (1.18) 30T 11 I AT 0 A 2 2R 5 13 W I 8 491 1 A e = R I AR S R B B (0.67—
0.87) .

) 0 738 (940 A VS R 0.06—0.25 (181 2) , HORTRIK A A 28 R G000 7 A7 e i B 25 57 (F s, =
4.27,P=0.01) . 142 RGN0 S0 103258 B (0.20+0.01 ) i 355 T 11 (0.13+0.04, P=0.026 ) Al

http ; //www.ecologica.cn



3860 JAE = 41 4

HERRGEYMZER](0.13+0.05,P=0.013) ,(H5 A R G0 B 0 N 52051 1) 322 3 B TG W 3 14 22 0010 (0.17 =
0.06,P=0.797) , WA, A4S RGEEYIN GRS 7 RBURAL, 7 0.04, W H WHAMIRASREEY
I ZE 191 i 5 P B0 S R B (0.27—0.36) o AR b AN T] 7 A A 25 22 G0 £ 1) ) 8 491) %) 2 B 1 728 S v i
T 8k BB B

150 - 2000 -
[ 25%—75% —_
» T wmAmK
_ag) 120 + — sk 2 1500 -
£ B =
o 90 L 2 ==
2 S 1000 |
g e
Zz
60 &
&/ o500
;% | m & - =
30 | =
0k —— =
O J_ E 1 1 1 1
0.30 -
16 b
> i AB
2 , 025 B B —|—
Q
< g A
g 121 S 020 | == T
j& g | ,& 015 L
- ) - - T
% \ u Hooq0 |
e L
— 1
e 005 1

O 1 1 1 1 1 1 1 1
RCIpN] WhHH HHE SR/ s WHH W R

Estuarine  Lacustrine Marine Riverine Estuarine Lacustrine ~ Marine Riverine

B2 FREREEZRGCTA HHE I IT0) KR REE

Fig.2 Food web properties of different aquatic ecosystems, comprising estuarine, lacustrine, marine, and riverine ecosystems
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BRG,R=0.78,P=0.036, F5%L b, "N 0.80—1.07 , K b, £ X i BORN B 422 28 38 =2 [F) ) % 2R 50 0T R P A
R(£3).

R2 KERYNTSBMEEENERERERUSXER
Table 2 Fit of trophic scaling models for trophic links depending on the number of nodes in the studied aquatic food webs

B FRGE RABERL Trophic scaling model
KA R L=osh - ., ]
Aquatic food webs

ay by
71 1 Estuarine 0.08+0.02 2.1120.04 0.99 8860, 13 <0.001
WA Lacustrine 0.46+0.30 1.810.15 0.99 32746, , <0.001
ETE Marine 0.20+0.14 1.90£0.15 0.92 227, 5 <0.001
VAR Riverine 0.23+0.97 1.81+1.44 0.87 24, 5 0.039
K Al 0.32£0.15 1.81£0.11 0.92 416, 4, <0.001

F3 KERYMT RBMEEZEENEFRERERNEXR
Table 3 Fit of trophic scaling models for linkage density depending on the number of nodes in studied aquatic food webs
B4 BRI Trophic scaling model
KAEABRGE LD=a,S" R Fy p

Aquatic food webs

a, b,
1] T Estuarine 0.10+0.03 1.06£0.06 0.97 458, |3 <0.001
WA Lacustrine 0.19+0.02 1.02+0.02 0.99 19822, , <0.001
E7E Marine 0.09+0.06 1.07£0.14 0.77 123, 5, <0.001
T Riverine 0.23+0.22 0.80+0.34 0.78 26, 5 0.036
R Al 0.11+0.04 1.05+0.09 0.82 255, 47 <0.001
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Fig.5  Scaling of connectance with number of nodes of the
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x4 KERYMT RBMEEENEFRBRELUBEXR
Table 4 Fit of trophic scaling models for connectance depending on the number of nodes in the studied aquatic food webs
B IR B Trophic scaling model

2 N s . .

] [ Estuarine 0.20+0.08 -0.12+0.13 0.06 92, 13 <0.001

#IA Lacustrine 0.19+0.01 0.02£0.01 0.55 3176, , <0.001

12 Marine 0.30+0.07 -0.23+0.07 0.23 127, 4, <0.001

T3 Riverine 0.34+0.14 -0.32+0.19 0.41 29, 0.033

R AL 0.26+0.03 -0.18+0.04 0.23 283, <0.001
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