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Abstract: Populus euphratica is a member of the Salicaceae family, and is a key tree species of the desert riparian forest.

Forest gaps can promote the natural renewal and succession of forests and optimize forest structures and nutrient cycling,
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thereby, which is regarded as a main driver for increasing biodiversity and ecosystem services. In this study, field data were
obtained from six plots with a typical sampling method within study area. The effects of hydrological conditions on the
number of canopy gaps, formation and dynamics of gap maker populations were analyzed by using a combined method of the
regression model, the goodness-of-fit ¢ test and the dynamic quantitative of population structure, based on the hydrological
data such as runoff, water consumption and groundwater depth in the middle reaches of the Tarim River. The result showed
that: 1) Before the 1970s, the amount of water in the middle reaches of the Tarim River was sufficient, to a certain extent,
which could meet the water requirement for the survival and development of P. euphratica forests to some extent. Since the
beginning of 1984, the annual runoff (R*= 0.785, P < 0.01) and water consumption (R*=0.5238, P < 0.01) in the
middle reaches of the Tarim River have shown a significant decreasing trend, the groundwater is increasingly scarce and its
depth is in a declining trend (R*>=0.8618, P < 0.01), especially during the period of 1997—2006. 2) As the annual
runoff and water consumption gradually decrease, the groundwater depth also increases; the number of gap maker population
becomes a growing trend. 3) In addition to the recession type in 1957 —1966 and 1967—1976, the forest gap maker
population showed a growing trend in 1977—1986, 1987—1996, 1997—2006 and 2007—2016. Particularly, the juvenile
P. euphratica tree gap makers in the forest gap increased significantly, which showed the aging characteristics of P.
euphratica forests. 4) According to the model output, there is a significant negative correlation between runoff and the
number of canopy gaps, and gap makers. Large number of P. euphratica in forest gaps will face with mortality, when runoff
is decreased to the 17.81x 10° m’. Thus, hydrological conditions in the arid area are the dominant factors determining the
life and death of P. euphratica, and also the main driver for the formation of desert riparian forest gaps in the middle reaches

of the Tarim River.
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Table 1 The decomposition degree scale used for the estimation of log age
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Fig.2 Annual runoff/water consumption changes in the middle reaches of the Tarim River
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Fig.4 Change of canopy gap numbers in the middle reaches
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Fig.3 Ground water depth changes in the middle reaches of the

of the Tarim River
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Table 2 Descriptive statistics of gap maker DBH characteristics in middle reaches of Tarim River

R ROME R PRE RE e DR g g DRE g

Years Min. Max. Mean Number  Variance deviation Skewness  Kurtosis coefficient P-Value
1957—1966 4.0 46.5 13.8 21 129.250 11.370 1.956 3.228 0.825 0.147
1967—1976 2.9 25.7 9.2 15 40.075 6.330 1.637 2.512 0.691 0.100
1977—1986 4.2 36.4 11.3 25 66.730 8.170 2.112 4.021 0.721 0.100
1987—1996 3.2 34.3 10.1 49 47.630 6.900 2.174 4.424 0.684 0.056
1997—2006 2.8 50.0 9.7 82 49.155 7.011 3.216 14.058 0.726 0.071
2007—2016 1.9 20.9 8.2 51 19.072 4.367 1.041 0.960 0.531 0.134

3.2.3  MEIRIMARF IS B S
MBI AT R S SIS IRHL(V,,) PRI SR RS AR BCR I AU B IR AR fR R 3, e
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Fig.5 DBH structure of Populus euphratica gap makers population

TETCANR T T, 85 B A i 45 4R A8 (1957—1966 . 1967—1976 . 1977—1986 , 1987—1996 . 1997—2006 FiI
2007—2016) ) V, {43514 : ~0.073 ,~0.060,0.000 ,0.040 ,0.200 F1 0.460., 1£% EHIIME AT T, 4%
BEAL TR BEAL T30 B9 A AR A5 Sh A48 2 (v, V,,") 4351 4+ =0.0040 . -0.0019,0.0025 ,0.0071
0.0057 ,0.0084 1 -0.0180 ., —0.0300,0.0600.0.0970 ,0.0400 ,0.0554, 1 Al W, 1977—1986 , 1987—1996
1997—2006 5 2007—2016 4F[H]35 BLAA v il 5 4 AR B T8 A R 45 4 2 38 KB 34, 1957—1966 5 1967—
1976 AEa) ) Ayl . SEit A 255K BTS00 (1997 2 2004) , U F /K BEAE R 3 m 2247, AT 3 I 45 8 ¢
AR R B KRR BEJE 5 SR iR i it S AR K e 2l D S 850 T /K RN TS fin Yol 1 75
AR FKEE, R TP AR5 1 sh A48 B0 a3z A48 & | 3= PO S A E R XS TR i KT g
FREEFEAR (3R 3) .
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Table 3 Dynamic analysis of size-class structure of gap makers population

JEAN fAg5 B
jefrjs Run:f‘fﬁ T(ﬁmf3 " V2 Vs Vs Vo F Vo , P Vo ’
1957—1966 33.34 -0.92 0.75 0.69 -0.67 -0.073 0.0095 —-0.0040 0.2670 -0.0180
1967—1976 31.05 -0.77 0.55 0.25 0.00 -0.060 0.0040 -0.0019 0.1430 —-0.0300
1977—1986 27.85 -0.84 0.78 0.71 -0.60 0.000 0.0080 0.0025 0.5000 0.0600
1987—1996 21.83 0.87 0.80 0.33 -0.33 0.040 0.0039 0.0071 0.6350 0.0970
1997—2006 22.84 0.00 0.40 1.00 -1.00 0.200 0.0133 0.0057 0.5600 0.0400
2007—2016 8.10 -0.57 0.57 0.13 0.33 0.460 0.0154 0.0084 0.6599 0.0554
Vi: 1 —I R ZS45 5 Dynamic index value of I —1I class sizes; V,: I —II#&EZ%AEL3NZFE 4L Dynamic index value of II—1I class

sizes; Vi M—IVRFAELTZFEEL Dynamic index value of IMI—1IV class sizes; V,: V—VZHAE L8255 %L Dynamic index value of IV—V class
sizes; V,: TeANEB TP AL AL 3 2575 %X Dynamic index value under no external disturbance; V' St BENL TP A2 3 A48 28 Dynamic index value

under completely random disturbance; V" AEFEHL T4 T 21k 3hZ5F5 %X Dynamic index value of non-random disturbance; P: 58 4&REAL T T A4 XU
% KAA Maximum risk value under completely random disturbance; P’ JAEFEAL T i KUK % K {H Maximum risk value under non-random disturbance.
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Fig.6 Relationship between structure dynamic of gap makers
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