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Sex ratio and spatial pattern of Ephedra rhytidosperma in Helan Mountain
of Ningxia
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Abstract: The sex ratio, spatial distribution, as well as the correlation of Ephedra rhytidosperma have important effects on
dioecious plants reproduction, evolution, and development. E. rhytidosperma is a national second-class protective plant with
narrowly distribution, which is dioecious and plays an key role in maintaining the stability and diversity of Helan Mountain
desert ecosystem. But research on the sex ratio of E. rhytidosperma populations has not been reported yet. In this paper, the
sex ratio, spatial distribution and spatial correlation of E. rhytidosperma in the Helan Mountain were analyzed at four
different elevations (S,, S,, S,, S,). Our results showed that; (1) the sex ratio of E. rhytidosperma was closely related to
its environmental conditions. The four populations at different altitudes were male-biased, S, and S, in harsh growing
environment were significantly male-biased at younger period ( P<0.05) , and there also existed male tendency at the adult
and old ages; Analysis of different age groups showed that male bias occurred at different stages due to environment. For S,
and S, in favorable conditions, there was a significant or tendency of female-favoring in young and adult stage, while male-
favoring occurred in an old stage. (2) The spatial correlation between male and female populations would determine the
development. For S,,S,,S,, male and female spatial correlation showed a trend from “ positive-correlation — to no-

correlation” . But the spatial correlation of S, was of insufficient relevance and far less than that in S, and S,, so it was
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declining. While S, and S, were growing. It shows that the wider spatial correlation is good for reproducing. However, the
populations of S, were uncorrelated, the male and female populations developed separately and they were independent, and
lack of larvae, so it was declining. The results of the study respectively revealed the composition, structure, spatial

distribution of E. rhytidosperma, The paper also provided theoretical basis for E. rhytidosperma-conservation.

Key Words: Ephedra rhytidosperma ; dioecism; sex ratio; spatial pattern; threatened plant
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( Ziziphus jujube var. spinosa) .5 it Bk (Amygdalus mongolica) £LHY ( Reaumuria soongarica) ik H| ( Oxytropis
aciphylla) BEF KB ( Ephedra rhytidosperma) 5465 ( Ulmus glaucescens ) S5 5 MROFIVE A Y .
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Table 1 Population profiles and associated plants in each plots

HES G ER PR PR B PEAEAY)
Plots Locality Altitude/m Population size/#f Associated plants
S 38°34'27"N 1603 282 HITEAE Convolvulus tragacanthoides &M 5338 )L
o 105°55'35"E Caragana stenophylla
3 38°34'26"N WK R Leptodermis oblonga . B¢ W 5 3% JL
S e 1477 552
105°55'50"E C. stenophylla
g 38°34'25"N 1350 639 e . C. tragacanthoides | ISk a Oxytropis
- 105°56'21"E aciphylla B339 )L C. stenophylla
38°34'30"N .
S il 75 "y .
4 105°58"23"E 1236 539 FIBEAL C. tragacanthoides
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[E1) 22 10, U) 38 7 0 A ) ) 235 ) S B PEAS o 3 B AR B s

2 HREHSH

2.1 BETRRE R A
MIEL T 0] LA 4 A A [ i 2R R BE 5 JRR 3 P50 23 A1 1 (30 m x 30 m) , S, Rl fie A8 Bk £z 2 282 Fk
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Fig.1 Spatial distribution map of E. rhytidosperma in four populations
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Fig.2 The size structure of four populations of E. rhytidosperma
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Table 2 Sex ratio and morphological characteristics of male and female plants in four populations

. . N P P Plant height/em ¥ Cover degree/cm?
LW W o - , il greren ,
Plots Male Female . ffek Bk ek ek
Sex ratio Male Female Male Female
S, 147 131 1.12 0.337 28.07+0.93 25.03+0.83 0.016 2509.15£151.01  1975.92+127.66 0.007
S, 280 271 1.03 0.701 28.87+0.60 24.410.44  <0.001 4379.55+180.36  2502.90+105.05 <0.001
S5 347 269 1.29 0.020 21.02+0.42 21.55+0.48 0.405 1625.44+94.92 1578.29+100.56 0.736
Ss 191 134 1.43 0.020 20.24+0.54 21.38+0.66 0.178 1717.18+£101.52  1780.36+119.53 0.688
ST Total 965 805 1.20 <0.001 24.16+0.32 23.05+0.28 0.090 2577.34+79.32 1987.90+58.18 <0.001
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Fig.3 Sex ratios for size structure of basal diameter in E. rhytidosperma populations
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Fig.4 Spatial associations between male and female plants of E. rhytidosperma populations
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JRAF A AR By BEA BEF 0K B B R I A 1, AR AP RE D SR . 3X 5 Bin WIS A0 AR AR AR A A AR 1 o
SR T REAH X PRAF AR R AR 212, JET 3B R — 2

R3 B EESR
Table 3 Soil indicator in each plots

- oK A Ece o BB

Plot Soil water Bulk density/ Total nitrogen/ Total phosphor/ Organic matter/ pH
ots

content/ % (g/cm®) (g/kg) (g/kg) (g/ke)

S, 2.15+0.27ab 1.00+0.08¢ 1.13+0.06a 2.47+0.30a 41.74+1.71a 7.87+0.03b
S, 2.87+0.59a 1.19+0.04b 0.90+0.04b 2.24+0.07a 37.50£1.79a 7.97+0.08ab
S, 2.02+0.23ab 1.41+0.06a 0.76+0.04c 2.23+0.21a 27.04+1.65b 8.06+0.06a
S, 1.16+0.21b 1.28+0.06ab 0.66+0.02¢ 2.20+0.57a 18.60+1.61c 7.85+0.05b

(7 1) 93 795 [ AN [) B3 75 22 5 1.3 ( P<0.05)

e S AR AT 00 A0 30 A P A P 0 2 S, AR AN 8 1) SR Al o DO AR B v AR A 1 1) B A
BORE S BN R A S AU TR DABORP P Lo B AR URTA A 1) 4 AN AS [l B 0 A B 1 AR SR AR
S,.S,.85.S, 4 ANFHEEST BIER IR MENE . 4 AFREFAY S MR ECHEVE 2 T MERE , FLE HOR 25 R 1:1(P<0.01) 3%
AR 2 M I S AR A B T LU AR SRS SR —B0 7 AR BRI R T, BRI IR RE A 5 i 0 I S MR 4 ) 1 L, —
T RIS TR MR 5 3 M AE R B SR I A A MR A AR ST S, (S, R
A AR AU S S K TS, S, REHL, S, S, IR EEVE LU R A W R 1:1 (P>
0.05) ;S, .S, B A% Jm 35 IR A 1:1(P<0.05) 33X 5 Dawson SEA/F5T MEME S BRAE P14 HUAS 7 5 858 R 1 5+
ks A R — 8

BRZSPERIA EAARSD , A ARG (B AT R MEE 5317, S, F0 S, T+ 3K o3 3240 55T S, F0 S, Rl
AL AL S, M REFELN AT AT B BE XS e | P HE Y B 3 A 1:1(P<0.05,P<0.001) , S, FPEETE LA BY
Brb st AR S FVEEAE LN AT B B AT B S O M | (LR ARAR AR 25 () A 25 — R S5 2R R S, S, TE4N4F K,
FEAmMENE . X5 Dawson %5  Freeman 2558 1Y 76 101 25 55 77 40 B0 58 25 140 ERR 51%%25%—ﬁ[34‘36]o Fiti &
iﬂ?‘“é’ﬁﬁu FEEAEBN B, S, | S, PR 357 B S5 e A, EL VAN R 1 B R4 B 3 AT 101 (P<0.01,P<0.001) 3%
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