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Discussion on taxonomic diversity indices and taxonomic sufficiency for

macrobenthos in Xiamen Bay
ZHU Xiaofen, CHEN Bin, YU Weiwei ", LIN Junhui, HUANG Yaqin, LIAO Jianji

Third Institute of Oceanography, State Oceanic Administration, Xiamen 361000, China

Abstract: Based on survey data on the macrobenthos community in Xiamen Bay during 2014—2015, the taxonomic
diversity indices for macrobenthos were calculated and their correlations with traditional diversity indices were examined.
The taxonomic sufficiency was also discussed in several ways. The results showed that the taxonomic diversity index (A)
ranged from 6.04 to 83.71, with an average of 68.26, and it was not evenly distributed among stations. Taxonomic
distinctness (A" ) was in the range of 74.27—99.54, with an average of 84.23. The theoretical averages of average
taxonomic distinctness (A*) and variation in taxonomic distinctness ( A*) were 86.82 and 345.0, respectively, and the
results from some stations were beyond the 95% probability funnels, indicating that the environment was to some extend
disturbed. Both A and A" significantly correlated with Margalef richness index, Pielou’s evenness index, Shannon-Wiener
diversity index, and Simpson diversity index, while A"and A" had no significantly correlation with these traditional diversity
indices. The results suggested that taxonomic diversity indices could be supplementary diversity indices additional to those
traditional indices. Significantly linear correlations were observed for the diversity index between any two levels among the
species, genus, and family levels, with high Goodness of Fit ( generally R*> 0.9). Additionally, the results of the nMDS

and 2-STAGE analyses indicated that there was a great consistency in community structure under the species, genus, and
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family levels; however, compared with the species level, certain information was missed at the genus level (8% ) and
family level (20% ). Therefore, we suggest that macrobenthos can be identified to the genus level rather than the species

level for the monitoring and assessing macrobenthos in case that identification to species level is unrealizable.

Key Words: biodiversity; taxonomic diversity index; taxonomic sufficiency; macrobenthos; Xiamen Bay
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Fig.1 Study area location and station distribution
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Table 1 The meaning and formulas of Taxonomic distinctness indices
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Taxonomic distinctness indices Meaning Formula
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Table 2 The branch weight on species in each taxonomic level
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(ZH R > 0.8) ( 4) ; Rl— 22 Z R BN A 5 8 SO O R B I s TR SR, In 222 57
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Table 3 Pearson’s Correlation coefficients between different biodiversity indicators ( species level )
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Table 4 Pearson’s Correlation coefficients between the same indicators of biodiversity at different taxonomic levels
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a-g?i /%:: ﬂlﬁ\ ,er ( Rudi tapes p hi lippinarum) EE E E”E T%A, r% , Ji different taxonomic levels
4550 A~/m? , 5 ALY 979% . a PR ;b JB KT ;¢ BHIUKT

WP T3 532522 SARBU( AT ) 1Y 95% EAF X NI < 181, SR T TS R AL sh ) A B8 T3 {E N 86.82, K
Srulifn AT SRAGTE 95% FAF X IE] A, S8 [ S10 . S18 il S27 4545l il V7 7% 15 A DX 6] A1, 3 W JEL 1) 725 g 74 X Bl
2R T — R T, RIS E R R (AT 1Y 95% EAF X Ew =} & Z T 1S KB A HY
ST BI{E Ry 345.05S1 S18 823\ S25 i A{E R T 95% B A X [a] 37 5, W30 63l (5 1) 1] ) S5 4006
RS 2E . BOX S BT 25 AR AG A, S18 B AR T 95% A5 X A H. A" F T 95% E 45 1X.
(], X R BIZ O RS2 B T T S, S18 A T[22 v | B R AR, DR it A2 3 Bl U575 Y e A3 )
MABER
3.2 R ZHMAR RS R G Z R R R

MR AKX BRI (A) Fr e 2 R 8 (A ™) RAEET RIS H S0 A SC I H8 4, 2
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Simpson FEELAY F SR AEAH , 7E Simpson $8EUAIFERNE I, 380 TR R FPIEE 2R 22 RO ME B % & T B
VPR R B (R SRR ) ISR, SO R 43 S AN S e AE N TR I R S 2 R E R B
AE7E B A G, 5 A AL, A7 X A LIS T8 2L, BIZE A A JEah T Z2 06 A [R1 0 b S 19 2 2R B AR K
P XBAE R LR A RIS IR A T KR EE R A M S B L, 3R % LR
B R A A F S PR AT RE S e X M HE B = (I . ASBIE SR b BTV S5 uh RN S27 s i B A IR{H , X P RETR
KREREE b5 YRR A W S PEAE O, S27 3 (W AR T2 W3 41 ( Ruditapes philippinarum ) FBEFER 5 , 35 4550
A/m? 5 TR 97% s 2Bl , S5 3k 196 AT 22 5 ( Potamocorbula laevis) T JE IR EH , 35 765 >/m?, (5 M
FIEM 81% ., A7FF S5 i1 S27 3l e () = BE H IUARAE i PR S 5 3%, S5 3 1 A {ELF 32.68 T &8 72.22,S27
wif A A 6.04 FHE % 60.23,d . J H' D LG 2 FEEFR B AN R BESR 2 (K 5) o

R5 S50 S27 WA EFERBENG & S HIEERERTLL

Table 5 Comparison of diversity indicators between present/absent of species with extremely high abundance

Yl Station S d J H' D A A* A* At

S5 B R 14 1.90 0.34 0.90 0.33 32.68 98.10 85.71 357.58
S A P A o 13 2.32 0.87 2.23 0.86 72.22 83.62 83.55 381.01
S27 A B R 14 1.54 0.08 0.21 0.06 6.04 99.54 76.01 459.15
S B s A o 13 2.41 0.92 2.36 0.90 60.23 67.25 72.01 423.74

FE R FAEE(AT) M2 FA AR (A) AR AE PR 22 SR B8 B0 T DITHA 3845 2 9 2
— PR, R R RO A ,  ELAS S B Al 9 F R R 2 TS I 5 1R e 2 R HE HOM
FKAEANGE  EAEA ST T RIPFFE P AR BN AL, AOFTE R, BT S5 A1 S27 il A~ Sk i) = B2 H B0
{H, 08 B A B R IR B30, AR A AR B35 SR HL S Wl Y = BERCRE AR OGNSR (3R 5) o 7
4 D PREEZARIERR B AT AT A R AT SE T X PR B L AT RETE T . OB ZORAK  7EA0A
W2 SEAFAE B BUBE AT LA | T3 T — e 50 e Sl 1 DX 48020 5 AR T JBURE /N RILEBURE D 7%, 7T
FITARRAESS Ty AR DX AN [ A 35 2 R ) LA (D3 aed T - Pl T Rt §R 1) 32 10 ) ool o 8 DX 3, T A
WHRESHH, ok 7AW Pl E S5 [H IR X,

RN — A ZE RIS, — A R AL 3 07, BRI 0 BOR: (k) AR R F R R 4y
Tt B0 (R 51 ) R RIS Z I 1) 43 282 00 3R (43 2822 5k ) 170 R[] 22 R i MO R [R] 114 £ B2 I e 22 A
PERI(E R B — IR BUEAEME L A i S A ) Z R PN (5 B . SRS SRRSO L, 0 2K AR R AL
IR T WML RN RE EAFERI2E S . B G AEEAE BOR I h B W A R] 25 X 1o, — W0 R g s 20 ml
REXT PRI R R R T AN K (IR X 0 e A SRR R S i il REAR 3 K U HIE 2 — AT F A — ARl 1%
FREOTE IR T — T TR S B, 3113 S29 A S31 s (14 K R sh M M Rl GER hy 23, ZHZ RETER
BB S31 w1 S29 vl SAEGE SARIEREHUM LE , X Pt B 73 28 ZREMEFR B 25 57 50 (3% 84k
W R (F6) o XKW, FEAL G 22 FEMEFE BOME LA X 3 W AN 3 67 B ) 43 28 2 22 R k4 BOst B 5 X
3 KA B RAE , Wb = B RE S S)PEAR LB PN ul 7, AT TR0 8] B9 2 5% 50 R T REAFAEAR K25 5
I AR LRI RN | 732K Z RIS BUE N T 732205 B W N e 2 RS R b 72

R 6 S29 Fn S31 B4 B IEEBIXT L

Table 6 Comparison of diversity indicators between S29 and S31

YAV Station S d J H’ D A A* A" A"
S29 23 4.06 0.89 2.79 0.91 71.79 78.91 80.17 435.76
S31 23 4.03 0.94 2.94 0.94 79.68 84.67 85.44 360.07

3.3 RAVKH YB3 258 501k
TR ) SR PR A ) 2R E TR SR, VR AR W 0 SR B UER & B W AR ) 2 AR TR 1 4G
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B I H T 2B 2R B AT A T o B 1985 4E  Ellis ™ 421 T “ 232538 401 ( Taxonomic Sufficiency,
TS) , JFH4 e SOy AEATAT I H oA BRS04 28 B — A Re i R P8 7R A DR A 5 R 2K . <4
Rt KRS RGP ORI Zis H | R B R TR AR Y 2 e KT

FEARSCIE T TS RBY NG ST 5T b, — 7 1, R Jm g R = A>3 20K (8] Y [F] — 2 RepE 18 B (L ds
I3 Z IR BORME G 2 AR AR H0) SR 35 E ARG, R PR DLG BE00m , HL[A) —F8 BOM 48 5 TR G i AH G
FRBCEW 5 TSR 53— Jr i, aMDS R BARN L & GBI T & 45 1 — Bovkse, A9 5 8 90
— PR R SRR 2-STAGE BB UME A SRS Rl R WY B 90 2 A5 BLRH /D Fh i 5 T8 9 AR
IS BEVR 250 SO — 3, X 5 nMDS BYZ5 R —E, R ERSERATE i WEHEBRHPEHr 5 T T7E K
R S 0 Z RV SR IR 45 RS — B0 (H2 SR L, BHRUE BT R Wen (5 B0 JF BRI R
FE(20%) BLL)E (8% ) &R £, XEER S — S0 AT S — B, 010, R0 7R % FE T 98 KA TCH e
AR 3 2B T K AR ST B 2 v R, SRR RAR L R BUKF- 2R E RN T 5% , BHECH 7% .

RGBT A W % 2 m PR A 0 4 KT R DA R TR, B B S N B K
ST G5 R LR AKCESE R 7 Gray 57 48 IR A AR R 0945 B TUAY B 3R A B
BRI — B R L A 35X AN A1, Warwick ™ 48 HY [ SRR S5 3 B3 o ) b o B S i B 45440
15 YRG0 T 15 9 43 28K s e W 3], F ok SF- 9 28 TE TS PP th 25 R AL EL Y

PRI A v FR A W R AR Y A RO B A — A 2 R, IR KT i 2
SEAFTEE 22 S ) 0, 0 26 R AR R L AR i K M 1 52 23 28 N B 11 S5 2 KO R i 0 it v 2 )
Y R R AT A K T b R A 2R Y B, Ferraro A1 Cole! ™ A58 H J& BE . B AT ] ZK ST B 26 % AR
TR 1 5 5E WA S B0 T 23% \55% 80% F11 95% ., M Ft 7K V- ik 4 1 M FE A K T AS /0 W I ML KG R A7 A
R Z TV AR A E N A B TR, B 7K A 20 SR B 5/ T SR R o, [ IS sl )N 1 20 S 5 A XU
AT 6 I e 58 R e PR AT 8 14 R R R [ A7 ELR A B 43 R A L B KO 43 25 AT LU
PP AR, A PR 1 AT AR I DR, AR AR BRI AE DL T, AR SRR 1 75 5K
T Y SRR W I S KO

KA JEAR B 5328 50 531k (0 BRI A 5 5 52 B X P il o e 5 94 SR iR AR A 2 A AR5 LA
IR R XIS, HAs R SR — W, B, i TAEMEE R KPS BFEENE
RO SN I A E R, TERE NSO BN 7R 220 58 o oot T — Sl 5 M i = 1
DI, A 06 BN A ) 5 B AR B RO DLRICE Z2 5905 8., 2R 10 R TR A B M AT 5 Ao A R, %
T ST BRI 2 W E DA Re R RE 5T A S TEM NS AT R I 28 W 2 08 B RIOKT R A 2
1, 25 b AR E KT B R OB I B DI 45 6 SE PR oK, R 2% B 00 i N ) W 0 IR 9%, [a] i o 28 2%
JERFEE R

22 3R ( References)

[ 1] Cooper HD, Noonan-Mooney K. Convention on biological diversity//Levin S A, ed. Encyclopedia of Biodiversity. 2nd ed. Amsterdam: Elsevier,
2013 306-319.

[2] ZEFE EYZHENESREDMRTTTLHE. EAFEIRE, 2004, 23(3): 109-114.

[ 3] Laurila-Pant M, Lehikoinen A, Uusitalo L, Venesjirvi R. How to value biodiversity in environmental management? Ecological Indicators, 2015,
55. 1-11.

[4] ZaHeyy, Mg, e, BRERE, KEI7, REWN, 54K LRSSt E. TNl RHE, 2011, 32(4) : 12-19.

[5] JEMRR, 4RJRER, X4 T 525 A2 28 R G0 g SR T v 8 5 R 2B ) 20 1 1Y 25 S —— DAV 9 I Jaly R 1), A= A8 24, 2013, 33(4) .
1240- 1250.

[ 6] ki, R, 050 I RN BT IR R I O X R, SRR TS K244 . ARREAR, 2007, (2) . 11-22.

[ 7] Rogers S 1, Clarke K R, Reynolds J D. The taxonomic distinctness of coastal bottom-dwelling fish communities of the North-East Atlantic. Journal of
Animal Ecology, 1999, 68(4) . 769-782.

http ; //www.ecologica.cn



12 G 38 &

[ 8] GrayJ S. The measurement of marine species diversity, with an application to the benthic fauna of the Norwegian continental shelf. Journal of
Experimental Marine Biology and Ecology, 2000, 250(1/2) ; 23-49.

[ 9] Warwick R M, Clarke K R. New * biodiversity’ measures reveal a decrease in taxonomic distinctness with increasing stress. Marine Ecology Progress
Series, 1995, 129; 301-305.

[10]  S03se, ZkdR, fifhde, VAT ZRUDTHE S IR S 0 S Py R AR AR PERIESE. M7 7K™, 2009, 5(2) : 10-16.

[11] RER, &R, RIRK EIBAIRE ISR, R RSSIR, 2005, 35(4) @ 629-634.

[12] Ellingsen K E, Clarke K R, Somerfield P J. Taxonomic distinctness as a measure of diversity applied over a large scale; the benthos of the
Norwegian continental shelf. Journal of Animal Ecology, 2005, 74(6) : 1069-1079.

[13] S0l #EH, KER, KHIAE. BTV 6 505 [ R BURHE SiY) 53 2 2R, ThIEIZK™ R4, 2016, 23(3) : 458-468.

[14] Gambi C, Vanreusel A. Biodiversity of nematode assemblages from deep-sea sediments of the Atacama Slope and Trench (South Pacific Ocean ).

[26
[27
[28
[29

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

Deep Sea Research Part I; Oceanographic Research Papers, 2003, 50(1): 103-117.

Hall S J, Greenstreet S P R. Taxonomic distinctness and diversity measures: responses in marine fish communities. Marine Ecology Progress Series,
1998, 166; 227-229.

R, E—F, MRV, BGE. & 5T R K AR D IR SRR, PRI ICE4, 2007, 37(6) : 907-910.

Mo, Tl 2SR R BTG S A= A5 7 A - DABOEE IR S 9. A2k, 2010, 18(2) : 155-155.

XIghe, BAS, LD, #UR, SRilHg. il RARUIRWISh Y AR R S HREE T HIOCR. TRk, 2015, 22(5) : 540-548.

Salas F, Patricio J, Marcos C, Pardal M A, Pérez-Ruzafa A, Marques J C. Are taxonomic distinctness measures compliant to other ecological
indicators in assessing ecological status? Marine Pollution Bulletin, 2006, 52(7) : 817-829.

XDEX%, 25, RIEL., PRifbas, JUBEET IR L2 RS2 ZAEVEDISE. h R4, 2010, 40(12) ; 89-96.

Kruskal J B. Nonmetric multidimensional scaling: a numerical method. Psychometrika, 1964, 29(2) : 115-129.

Clarke K R, Warwick R M. A taxonomic distinctness index and its statistical properties. Journal of Applied Ecology, 1998, 35(4) . 523-531.
T2 BASETRRE T SRR AL TR, 1999, 21(1) : 25-28.

Clarke K R, Warwick R M. A further biodiversity index applicable to species lists: variation in taxonomic distinctness. Marine Ecology Progress
Series, 2001, 216 265-278.

WRAS, Bl ks, WEE, L, IR, BRI, PRIIAH. AR G B B A L A0 STV A SR 2 REVE RIS, BT R R
2016, 12(1): 94-101.

IR, KGR, 7L W A AT SRR TS WTESAAR, 2003, 25(2) ¢ 106- 113

Purvis A, Hector A. Getting the measure of biodiversity. Nature, 2000, 405(6783) : 212-219.

Ellis D. Taxonomic sufficiency in pollution assessment. Marine Pollution Bulletin, 1985, 16(12) ; 459-459.

Warwick R M. The level of taxonomic discrimination required to detect pollution effects on marine benthic communities. Marine Pollution Bulletin,
1988, 19(6) : 259-268.

Ferraro S P, Cole F A. Taxonomic level and sample size sufficient for assessing pollution impacts on the Southern California Bight macrobenthos.
Marine Ecology Progress Series, 1990, 67, 251-262.

Marchant R, Barmuta . A, Chessman B C. Influence of sample quantification and taxonomic resolution on the ordination of macroinvertebrate
communities from running waters in Victoria, Australia. Marine and Freshwater Research, 1995, 46(2) : 501-506.

Guerold F. Influence of taxonomic determination level on several community indices. Water Research, 2000, 34(2) . 487-492.

R, IR, EAW, skok, DFLIER, TR K. RAURFIICHE HE S A R 43 2 B Je i K A ST 52 . SRR ST, 2012, 25
(1):24-29.

Marshall J C, Steward A L, Harch B D. Taxonomic resolution and quantification of freshwater macroinvertebrate samples from an Australian dryland
river:; the benefits and costs of using species abundance data. Hydrobiologia, 2006, 572(1) : 171-194.

Chessman B, Williams S, Besley C. Bioassessment of streams with macroinvertebrates ; effect of sampled habitat and taxonomic resolution. Journal of
the North American Benthological Society, 2007, 26(3) : 546-565.

Gomez Gesteira J L, Dauvin J C, Salvande Fraga M. Taxonomic level for assessing oil spill effects on soft-bottom sublittoral benthic communities.
Marine Pollution Bulletin, 2003, 46(5) : 562-572.

Warwick R M, Clarke K R. A comparison of some methods for analysing changes in benthic community structure. Journal of the Marine Biological
Association of the United Kingdom, 1991, 71(1) . 225-244.

Gray J S, Aschan M, Carr M R, Clarke K R, Green R H, Pearson T H, Rosenberg R, Warwick R M. Analysis of community attributes of the
benthic macrofauna of Frierfjord/Langesundfjord and in a mesocosm experiment. Marine Ecology Progress Series, 1988, 46: 151-165.

Warwick R M. Analysis of community attributes of the macrobenthos of Frierfjord/Langesundfjord at taxonomic levels higher than species. Marine

http ; //www.ecologica.cn



15 3 RBESy A JE TS RBYRW S 0 22 SRS R I Iy 2R 58 031 13

[40]
[41]

[42]

[43]
[44]

[45]

[46]

Ecology Progress Series, 1988, 46. 167-170.

Bilyard G R. The value of benthic infauna in marine pollution monitoring studies. Marine Pollution Bulletin, 1987, 18(11) . 581-585.

Chapman M G. Relationships between spatial patterns of benthic assemblages in a mangrove forest using different levels of taxonomic resolution.
Marine Ecology Progress Series, 1998, 162: 71-78.

Ferraro S P, Cole F A. Taxonomic level sufficient for assessing pollution impacts on the southern California Bight macrobenthos-revisited.
Environmental Toxicology and Chemistry, 1995, 14(6) . 1031-1040.

Raven P H, Wilson E O. A fifty-year plan for biodiversity surveys. Science, 1992, 258(5085) : 1099-1100.

Prendergast ] R, Quinn R M, Lawton J H, Eversham B C, Gibbons D W. Rare species, the coincidence of diversity hotspots and conservation
strategies. Nature, 1993, 365(6444) . 335-337.

Moreno C E, Sanchez-Rojas G, Pineda E, Escobar F. Shortcuts for biodiversity evaluation: a review of terminology and recommendations for the use
of target groups, bioindicators and surrogates. International Journal of Environment and Health, 2007, 1(1) . 71-86.

Maurer D. The dark side of taxonomic sufficiency (TS). Marine Pollution Bulletin, 2000, 40(2) . 98-101.

http ; //www.ecologica.cn



