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Latitudinal gradient in beta diversity of forest communities in America

CHEN Shengbin, OUYANG Zhiyun * ,ZHENG Hua, XIAO Yi, XU Weihua
State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract; Beta diversity is an important component of biological diversity, measuring compositional change in species
assemblages across temporal and spatial scales. Understanding spatial variation in beta diversity and the underlying
mechanism(s) has become the focus of biodiversity studies in recent years. Although many studies have proved latitudinal
gradient in species richness, whether beta diversity shows latitudinal trends still remain controversial. In the present study,
we assessed the latitudinal gradient in beta diversity at community level. We selected inventory data of 131 0.1 hm’ forest
plots from South and North America, including various types of forest communities. These forest plots were a subset of 226
mature forest plots which were systematically gathered by late Alwyn H. Gentry during 22 years. We formulated two
theoretical frameworks to facilitate the analyses. First, since species range size generally increase with latitude, there will
be more obvious overlapping in species distribution toward the pole; this in turn will lead to latitudinal gradient in beta
diversity. Second, since latitudinal decline in species richness at larger spatial grain is more abrupt than that at smaller
spatial grain, the discrepancy in species richness of different spatial grains (beta diversity) will decrease with latitude. To
catch more information of spatial variation in species composition within communities, we used both multiplicative and
additive partitioning methods to calculate beta diversity. Simple correlation and regression were used to test the relationships
between latitude and species diversity. The results showed that (1) beta diversity increased significantly along with
decreasing latitude, irrespective which partitioning method was used. Generally, beta diversity in tropical and subtropical
forests was comparable, and was much higher than that of temperate forests. This pattern can be easily derived by the
latitudinal decrease in species range size measured by mean number of subplots occupied by all species within community,
and the differences between regression slopes of species richness against latitude at larger and smaller grains; (2) gamma

diversity of the studied communities was mainly contributed by beta diversity, with an average of 78.2% . Along with
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increasing latitude, the relative contributes of beta diversity to total gamma diversity decreased significantly; (3) beta
diversity in south hemisphere was relatively higher than that of north hemisphere. This might reflect the regional differences
in the histories of species evolution and environmental changes. In addition, we discussed the proper usage of multiplicative
and additive partitioning methods. To our knowledge, this is the first attempt to test latitudinal gradient in beta diversity of
forest ecosystems at community level. The results of our study have important implications for not only understanding the

determinants of spatial variation in biodiversity but also for biodiversity conservation.

Key Words: forest community; latitudinal gradient; formation mechanism; multiplicative partitioning; additive partitioning
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Fig. 1 Latitudinal gradients in species range size and beta diversity
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Fig. 2 Latitudinal gradients in alpha, beta, and gamma diversity at different grains
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Table 1 Basic statistics of the variables used in this study

Akt M kA P PR LS 20
Variables Minimum Maximum Mean Standard deviation Coefficient of variation
gamma 15.0 270.0 115.0 66.6 57.9
alpha 4.5 43.7 21.6 9.1 42.1
betay 2.3 8.3 5.0 1.3 26.0
beta 10.5 234.7 93.3 58.2 62.4
Ny 1.2 4.3 2.2 0.7 30.2
Chea 57.4% 87.9% 78.2% 6.6 8.4

gamma 0. Thm? #£J5 PIIGPIFIEL ; alpha:0. 01hm? FE4E P9 09X R EL; betay, 51 0 B T 15 beta Z2FEM: ; beta,, « TN BE T 15 beta Z2FE1E
N, : HEVE BT 3 A SRR KL €\, s beta ZRETEXT gamma Z2HEE YA XS BTk
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0.01hm® BYFERE N, alpha ZFEVES Rl T34 43. 7 Fi AR P35 4.5 B P304 21,6 i, betay 4 T 2.3 H
8.3 ZIi], ¥k 5. 0;1fi beta, /T 10.5 F1234.7 Z[] V3478 93,3, PFP 3 AGda (N, ) KR 4.3, F/)
HF 1.2, P40 2.2, beta ZHEPEXT gamma ZHEERI TR (C,,., ) IR T 50% , fe/NR 57. 4% , 5 KN 87.9% ,
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XN 78.2% o TEIX LA HE T beta, 5 REUR K (62.4% ) 1 C,,, 257 FEUIR/N(8.4% ) .

Gamma . alpha , beta, Fl beta, 2 [A] ] i & 1F #f ¢
(P<0.001) , JLHAE gamma Fl beta, Z 8] (£ 2,7
0.998,P<0.001) . FEHIVEE beta, Fl beta, Z [H] ()
FHIEME (E 1,7 = 0.841,P<0.001), Gamma Al
alpha Z2FF P K HO0E B0{H X Bl 445 152 385 n i e A1 1HL
gamma ZOREVERRAR A0 T 2 (B (o] 03 Bl 2R 1 2R ) BR
T alpha, #5502 L4 W FE TR RIS (1 3) . X2
betay, #l beta , 24 Fifi £ B TH i 0 E FRAR (K 4) s BB
HIREMERE beta, Al beta, BA T 2219 28. 6% f126.9%
T HLIX Y beta, BIME M 5. 3, 5 W #4447 H X Y beta,,

K2 P ESHEMEEEZ EA Pearson Z&MEHEX KR

Table 2 The Pearson linear correlations between species diversity

indices
gamma alpha betay
alpha 0.937 ***
betay 0.819 *** 0.625 """
beta, 0.998 *** 0.916 *** 0.841***

#:0.01<P<0.05; * * ;0.001<P<0.01; * * * .P<0.001

(4.9) 5 AN ERE B EES TR X E3. 1(KS) , beta, RELH [FIAER S S HBIX R 108. 7, W
WHLX N 91. 0, MR Hb XA K 17.3 (E 5) ., TEMIREIRIZEE I B 36 RS Y beta ZFEME B R TI03E,
I HAZ beta ZHEMEEE 002 (K 6) . BEES &, N, BE&HIN(~ = 0.371,P<0.001) ,1i C,.,

FREAK (P = 0.371,P<0.001) (K 7).
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Fig. 3 Latitudinal gradients in alpha, beta, and gamma diversity of forest communities in America
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