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Fig. 1 Spatial distribution of survey stations in the Yangtze River estuary
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Tab.1 Locationsof survey stationsin the Yangtze River

estuary
¥l a5 station 22 J1(°) longitude 25 J3£1(°) latitude
S1 121.42 31.57
S2 121.58 31.50
121.75 3141
121.92 31.39
122.00 31.33
122.17 31.33
S7 122.08 31.42
S8 122.00 31.42
S9 122.00 31.50
S10 122.08 31.50
S11 121.83 31.63
S12 121.92 31.62
S13 122.00 31.60
S14 122.08 31.60

S15 122.17 31.67

&2 2012—2014 FKII OB HFIRIPE
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Tab. 2 Actual numbers of survey stationsin the
Yangtze River estuary in 2012-2014

F6 Ak uli i S R A i 5

year month number of stations station absent from survey

2 13 S6, S7
11

2012 5 S2, S3, S6, S7

8 12 S2, S6, S7

11 11 $4, S6, S7, S8

2 10 S1, S2, S8, S5, S7
2013 5 12 S2, $4, S7

8 15

11 14 S8

2 9 S1, S2, S3, S5, S9, S14

5 11 S2, S5, S9, S14
2014

8 11 S2, S5, S9, S14

11 10 S2, S5, S8, 9, S14
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Tab. 3 Summary of statistical information for variablesin each trip
e 2012 2013 2014
7 \E
variable 24 54 8 uf 24 54 8 uf 27 54 83 1j
Feb May Aug Nov Feb May Aug Nov Feb May Aug Nov
B richness 2.62 4.45 6.42 4.73 4.20 3.17 4.93 6.36 3.22 2.73 4.09 3.00
= (194 (314) (5.33) (3.35) (1.87) (2.04) (324) (3.08) (1L72) (1.62) (1.64) (2.45)
Z41(°) longitude 121.90 121.95 12193 121.89 122.02 121.95 12193 12193 122.02 121.94 121.94 121.93
R 9 (0.21) (0.20) (0.20) (0.23) (0.11) (0.21) (0.21) (0.22) (0.12) (0.22) (0.22) (0.23)
25 /() | atitude 3152 3153 3152 3154 3153 3151 31.50 31.50 31.51 31.50 31.50 3151
B (0.11) (0.11) (0.11) (0.10) (0.11) (0.12) (0.11) (0.11) (0.12) (0.12) (0.12) (0.12)
JK%Im depth 5.98 6.09 5.68 8.86 5.98 6.57 6.15 5.97 5.00 6.27 5.60 6.60
» P (1.75) (3.86) (4.41) (6.31) (2.03) (2.28) (335 (254) (209 (272) (2.25) (2.25)
JKIR/C temperature 6.27 2230 2728 13.75 11.03 21.69 27.65 10.61 9.23 19.67 29.52 16.28
P (0.43) (0.89) (6.71) (0.93) (0.77) (1.37) (155) (1.05) (0.60) (1.00) (0.39)  (1.47)
R salinit 14.24 6.04 8.53 14.19 17.35 8.83 11.25 12.43 8.12 6.43 4.92 8.85
s Y (13.77) (6.71) (9.31) (11.33) (11.91) (8.03) (8.07) (12.78) (9.11) (8.38) (5.61)  (9.40)
4 (mg/L) 12.32 8.45 16.23 10.24 12.15 9.10 7.53 12.25 11.40 8.81 7.55 9.98
dissolved oxygen (0.39) (0.26) (11.52) (0.44) (0.20) (0.13) (0.26) (0.30) (0.11) (0.07) (0.56) (0.45)
H 7.72 7.81 8.04 8.14 7.87 8.16 8.03 7.84 8.26 8.21 8.29 8.10
P (0.43) (0.74) (0.08) (0.05) (0.23) (0.05) (0.32) (0.20) (0.17) (0.12) (0.11) (0.15)
442 al(mgl/L) 2.23 2.49 7.87 1.73 0.93 1.46 1.13 1.04 0.51 0.28 0.48 0.53
chlorophyll a (0.90) (1.51) (2.80) (0.41) (0.25) (0.27) (0.21) (0.22) (0.27) (0.14) (0.27) (0.16)
LS = B
&gmﬁ jgl (ML) 107 119 132 091 047 073 084 061 123 132 091 083
0.28 0.56 0.30 0.38 0.27 0.30 0.31 0.33 0.32 0.45 0.32 0.39
trgen demend (028) (056) (030) (038) (0.27) (030) (031) (033) (032) (045 (03) (0.39)
G RE A A E AN i
Note: Figures in the brackets are standard deviations.
Sal< 5.25
Month<9.5 < 122.1
1.222 15
n=18 n=1
2.333 5 4333  6.667
n=3 n=1 n=6 n=3
Bl 2 KT D F B a] I e s
Sal: $hJ¥; DO: %% Chlar M4E&K a Month: A }; Lon: 40, Lat: £5)%; Tem: /KiE; COD: fb2:Ti% &, n: kAR,

Fig. 2 Regression decision tree of fish species richness in the Yangtze River estuary
Sal: sdlinity; DO: dissolved oxygen; Chla: chlorophyll a; Month: month; Lon: longitude; Lat: latitude;
Tem: water temperature; COD: chemical oxygen demand; n: sample size.

23 HARPHTNSEIELER

2014 AFA YT 11 fa Fp UL = & B 4 A Wl 5
o BRAZAN, HoAth =ZFHR 8 Ak 303 1 Fh
FEEWE TR OB, HEY ENEE
FEAR A RO /0N, TG i %) s ) )RR AR A R o

F AT 0] Y= R A6

7l

A
=, “HA

2014 A A B XF
2014 AEAuh pd py R T BEHELT TR0, 45
REMEEME 4 P, B E, B, KERIT
P E R E S TR A% S0 L,
SR B A0 2 2 R B R T R S b S K B



1086

Hh K R

4 2548

4 S % & number of node
1 2 3 45 6 7 8 9 1011 12 13 14 15

1.2+

1.0+

0.8}

A X B UFHINTRZE cross-validated relative error

& 3

Inf 0.120 0.043 0.033 0.022 0.017 0.015 0.010
8 Z+MS% complexity parameter

Sal< 5.25

2.395
n=43

—
(=]
T

FEF richness
W

4727 7.857
n=33 n=14
15F -

B2 SR AR 1R 22 B P 1 s R 0 A9 22 A1 L

]

P H KT M S 28 SCIRAE AR X 15 22 B /ML 1 A bR iR,

RN L 1-SE Y B4 TR SR /NI L B

Fig. 3 Changes of cross-validated relative error along with

The horizontal dashed line represents the minimum cross-validated

the increase of nodes in decision tree

relative error adding a standard error, and the black dot

represents the tree size which fitted 1-SE rule.
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Regression trees after pruning and the fish species

richness corresponding to all the nodes
Sal: salinity; DO: dissolved oxygen; n: sample size.
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Fig. 5 Distribution of fish species richness observed in the Yangtze River estuary in 2014
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&4 2014 FKIIO & FFEE EYNE R FUNE
Tab. 4 Observed and predicted fish speciesrichnessin the Yangtze River estuary in 2014

S M4 5 B observed richness T =55 B predicted richness

station 2 f February 5/ May 8 August 11 /] November 2 February 5] May 8 H August 11 H November
S1 - 2.00 2.00 0.00 2.15 7.50 2.15
S3 - 1.00 3.00 0.00 - 2.15 7.50 2.15
S4 4.00 0.00 2.00 1.00 2.15 2.15 2.15 2.15
S6 1.00 3.00 2.00 2.00 2.15 2.15 7.50 2.15
S7 3.00 5.00 6.00 2.00 2.15 2.15 2.15 2.15
S8 5.00 1.00 4.00 - 2.15 2.15 7.50 -
S10 2.00 4.00 6.00 7.00 3.79 3.79 6.00 7.17
S11 6.00 4.00 4.00 3.00 3.79 3.79 6.00 7.17
S12 4.00 4.00 5.00 4.00 3.79 3.79 6.00 7.17
S13 1.00 2.00 5.00 6.00 3.79 2.15 6.00 7.17
S15 3.00 4.00 6.00 5.00 2.15 3.79 6.00 7.17

T =" Rl T AEZAT PR HEAT I A

Note: “~" means the station was absent from survey in the corresponding trip.
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Fig. 6 Distribution of predicted fish species richness based on regression tree model in the Yangtze River estuary in 2014
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Fig. 7 Comparison of predictive error in different seasons
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Tab.5 Predictiveerror for the fish speciesrichness of the
Yangtze River estuary using regression algorithm in 2014

BIgri i PR RE SRR

A4 month

root mean average average
square error  relative error  absolute error
2 H February 1.83 0.34 1.62
5 H May 1.22 -0.02 0.85
8 H August 3.22 -1.76 2.46
11 A November 2.10 -1.66 1.66
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Prediction of fish species richnessin the Yangtze River estuary using
CART algorithm
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Abstract: The main ecological patterns and functioning of estuarine ecosystems are difficult to evaluate owing to
natural and human induced complexity and variability on biodiversity. Therefore, there is an increased demand to
analyze and predict the relationships between the environment and the distribution of biota in estuarine ecosystems.
Biodiversity is viewed as the variety of life, encompassing variations from the gene to ecosystem levels, and is
commonly expressed as species richness. The patterns of biodiversity in the Yangtze River Estuary have remained
largely unexplored, despite the increasing understanding of the importance of estuarine ecosystems and the exist-
ing knowledge on the variability of fish communities within estuaries and their environmental drivers. As a transi-
tional system, the Yangtze River Estuary, a typical ecotone, is the largest estuarine ecosystem in the western Pa-
cific Ocean. It establishes links between the marine and freshwater ecosystems in the East China Sea; persistent
environmental fluctuations in this estuarine ecosystem creates considerable physiological demands on the species
that inhabit this ecosystem. Predictive modelling techniques are being increasingly used to determine major habitat
requirements that affect species distribution. Important technological advancements have benefited predictive dis-
tribution modelling, and new and sophisticated methods have been developed for use in statistical models that are
applied to ecology. The prediction of fish biodiversity has important scientific implications for evaluating the
Yangtze River Estuary ecosystem. Based on fishery and environmental data collected in 2012-2013, a regression
tree model was built to predict fish species richness in the Yangtze River Estuary. The node structure of the opti-
mal decision tree model indicated that salinity, dissolved oxygen, and month (i.e. season) were three factors af-
fecting fish biodiversity in the Yangtze River Estuary. In addition, the data observed in 2014 was used to validate
the predictive performance of the tree-based model by calculating root mean square error (RMSE), average abso-
lute error (AAE), and average relative error (ARE), which were often used as statistical indicators to compare fit-
ted value and observed value in modelling studies. The results showed that the prediction performance was better
in spring and summer than in autumn and winter, and generally, the model presents a fair predictable ability indi-
cating the feasibility to predict fish species richness by utilizing a classification and regression trees (CART) al-
gorithm. Estuarine ecosystems are often considered a complex mosaic of habitat types, and their fish biodiversity
are best predicted through a CART algorithm. In the present study, in terms of predictive performance, CART
could be viewed as an appropriate technique to predict fish species richness in the Yangtze River Estuary.
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