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Abstract: We investigated breeding bird communities of forest fragments (6.5~ 112.8hm*) in Zuojia
Nature Protection Area and Tumenling mountains during three summers (1998~ 2000) to compare the
influence of area and habitat on community structure. Birds were surveyed with the Point-count technique.
Number of census points increased with fragment area, and were distributed to sample the range of
habitats present. Each point was censused at least three times during the breeding season. We plotted
accumulated species totals against total number of observation periods for each fragment, forming species
accumulation curves. These curves were visually inspected to determine if a plateau in the number of
species recorded was reached. Species abundances were calculated for each fragment as the sum of the
highest number of individuals recorded from each point divided by the number of observation points. We
categorized species by migratory status and preferred breeding habitat and examined the effects of area and
habitat variables on them. In addition, we sampled vegetation in one 0.04hm? circle centered on each

observation point and within a second circle located 50m from the first.
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We collected data of tree height, dbh, density, shrub height, shrub density etc. within each circle.
Data from all points within a fragment were combined to compare habitat structure among fragments. We
performed a Bray-Curtis analysis (BCA) on importance values of dominant tree species to determine which
tree species contributed most to differences among fragments and used principal components analysis
(PCA) to describe gradients in structural components of the vegetation among fragments. We used
stepwise multiple regression to evaluate the influence of area and habitat on the components of the bird
communities.

We recorded 22 species of trees from all fragments combined. The first three components of BCA
accounted for 89% of variation in tree species composition among fragments. The first three principal
components accounted for 76% of variation in habitat structure among fragments. Several aspects of the
vegetation correlated weakly with area: mean basal area of trees, R*=0.332,P>>0.05;closure of tree
crown, R*=0.304,P>0.05;shrub density, R*=0.296,P>0.05. Fragments supported from 6 to 39
species and composition was relatively constant among years. Between-year similarity of species occurrence
was high (average similarity: 1998~1999, 89%; 1999~2000, 90% ; 2000~2001, 86% ). Examination of
species accumulation curves indicated that species composition of fragments was adequately determined.
Similarly, differences between observed and predicted values were slight and did not affect species-area
regression results. Woodlot area accounted for a large proportion of variance in total species richness each
year: R*=0.8913, 0.9016, and 0. 8246, in 1998, 1999, and 2000. Species-area relationships did not differ
among years and data from all years were combined. Ecological generalists dominated small {ragments,
while more specialized species increased in importance with area. Neither habitat nor fragment isolation
explained significant additional variation in total species richness after area. Abundance of more than 30%
of species examined correlated with habitat variables, but a greater proportion (60%) were influenced
more strongly by fragment area. Inclusion of variables for habitat structure, habitat heterogeneity, tree
species distribution, and forest isolation in a multiple regression analysis did not improve the simple
regression between total number of species and patch areas.
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Table 1 Results of Bray-Curtis analysis based on importance values of dominant tree species among patches
Tree species 1 Axisl 2 Axis2 3 Axis3
Bird Cherry (Prunus padus) 0.098 0. 356 —0.210
Manchurian Linden (T'ilia mandschurica) —0.391 —0.125 0.113
Pine (Pinus sp.) —0.130 0.957" "~ 0.796" * ~
Larch (Larix sp.) 0.150 0.640* * 0.628*
Manchurian Ash (Fraxinus mandschurica) 0.202 —0.402 —0.510"
Simon Poplar (Populus simonii) 0.294 0.443 0.270
Dahurian Birch (Betula dahurica) —0.820" ** 0.122 0. 386
Mongolian Oak (Quercus mongolica) 0.879* ** 0.160 0.541*
% of information 42.93 30.13 16. 20
Total % of information 42.93 73.06 89. 26
* P<0.05, x ¥ P<C0.01, * % x P<C0.001
2.2
3 42 1998 35 51999 39 52000
38 .3 ( 1998~1999 89% ,1999~2000
90% ,2000~2001 86%). (1998~1999,cv=0.03;1999~2000,cv=
0. 053;2000~2001,cv=0.06),
s
, 1998 R? 0.7941; 2
. Table 2 Results of principal components analysis of
1999 2000 R? 0. 8784 0. 8566, 3a
vegetation (*P<C0.05; **P<C0.01)
0. 8631¢( D,
Variable rC1 PC2 PC3
’ ' MH /0. 04hm? —0.341 —0.197 0. 655
’ TCL/0. 04hm? 0.150 0.290 —0.767
TD 0. 660 0.178 0. 050
¢ 3); dbh —0. 040 0. 410 0. 031
s C 3. N1 0.165 —0.335 0.159
. . PC1 N2 0.243 0. 301 0.339
BA1 0. 154 0.042 0. 200
’ ’ BA2 —0.320 0.090 —0.180
° SCL/0. 04hm? —0.423 —0.218 0.143
TreeSA 0.690 0.679 0. 160
s TreeSB 0.728 —0.660 0. 245
( 6 ) TreeSC 0.711 0. 320 0.416
Shrubl 0.022 0.797 0. 394
o 1998 s .
Shrub?2 0.410 0. 682 0. 361
1999 2000 o 1999 Shrub3 0. 300 0.217 0.402
15 , 8 (53.3%) GCL/0. 04hm? 0.386  0.012  0.300
.3 (20%) ® 31. 6 25.7 18.8
4 (26.79%) @ 31.6 57.3 76.1
( 4) 32000 16 , 10 (D% of information; @ Total % of information
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Table 3 Regression equations for species numbers in different groups against (In) area and habitat variables
2 P
Group Year Regression equation R
Residents 1998 y=0.49+1.07 (UM)+0.09(Shrub2) 0.726 <0. 01
1999 y=0.78+0.23(n s)40. 66 (T CL/0. 04) 0.614 <0. 05
2000 y=2.15+0.9UP)+1.30(T'D) 0. 580 <0. 05
Migrants 1998 y=0.64-+1.71n s)+0. 09(Shrub2) 0. 841 <0. 01
1999 y=0.51+1.12n s)+0. 24(T'CL/0. 04) 0.709 <0. 01
2000 y=—0.2040.90n s)—1. 40(N2) 0.623 <0. 05
Forest interior species 1998 y=—3.77+2.91n s)+0. 10(Shrub3) 0.814 <0.01
1999 y=—6.13+3.20n s)+0. 21 (Shrub3) 0. 735 <0. 01
2000 y=—4.50+2.68Un s)—0.09(Shrub3) 0. 802 <0. 01
Edge species 1998 y=2.10+1. 65(Shrubl) —0. 70(dbh) 0. 597 <C0.05
1999 y=1.69+1.27(Shrubl)+0.12 (SCL/0.04) 0.714 <0. 01
2000 y=4.55+2.32(Shrubl)—0.52(dbh) 0.605 <0. 05
* 5, Area;IM, Importancevalue of Quercus mongolica; 1P , importance valueof Pinus
Sp- 3 H 5
“ ”
s s °
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; s s s N N
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Table 4 Correlations between population abundance and patch sizes

1999 2000
Species 7 r r r
Parus major 0.526 <0. 05 0.621 <0. 05
Parus palustris 0.578 <0. 05 0.753 0. 01
O sitta europaea 0. 140 >0.1 0.584 <0. 05
Pica pica —0.592 <0. 05 —0.769 <0. 01
Sturnus cineraceus 0.210 >0.1 —0.512 <0. 05
OO Dendronanthus indicus 0.682 <0. 05
O Ficeduta zanthopygia 0. 208 >0.1
Turdus hortulorum 0.823 <0. 01 0. 876 <0. 01
Anthus hod gsoni 0. 806 <0. 01 0.612 <0. 05
Dendrocopos major 0.628 <<0. 05
Dendrocopos minor 0. 818 0. 01 0.917 0. 01
Picus canus 0. 094 >0.1 0.559 <0. 05
Phylloscopus coronatus 0.770 <0. 01
Phylloscopus schwarzi 0. 648 0. 05
O Embriza aureola 0.277 >0.1 0.08 >0.1
O Embriza elegans 0.597 <0. 05
O Embriza cioides —0. 643 <0. 05 —0. 826 0. 01
Upupa epop —0.590 >0.05 0.136 >0.1
Garrulus glandarius 0. 601 <0. 05
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Table 5 Regression of species abundances on In area and habitat

. . RZ [)
Species Year Equation

Parus major 1999 y=1.30+0.42UUM)—0.39(N1) 0. 663 <0.02
2000 y=0.80-+0.28(PC2)—0.09(N1) 0.541 <C0. 05
Parus palustris 1999 y=—0.4740.21UID)+0.02(PrC2) 0.539 <C0. 05
2000 y=0.90+1.20 (Ins) 0.769 <0.02
O Sitta europaea 1999 y=—0.70+0. 31ns) 4+ 0. 02(Shrub2) 0.703 <0.02
2000 y=0.33—0.68(TreeSB) 0.512 <0. 05
Pica pica 1999 y=0.80+0.03(LS)—0.01(T'D) 0. 341 >0.05
2000 y=—0.90—1.60ns) 0. 609 <0. 05

Sturnus cineraceus 1999 y=1.30-+0.50(C1) 0.120 >0.1
2000 y=0.52—0.74(Shrub2)—0. 33UP) 0. 687 <0.02
OO Dendronanthus indicus 1999 y=0.59+1. 41(ns) —0. 27 (T'reeSB) 0. 706 <0.02
O Ficedula zanthopygia 2000 y=—0.79400. 2(SCL/0. 04) 0. 697 <0. 02
Turdus hortulorum 1999 y=23.14+0.03UM) 0. 887 <0. 01
2000 0.9—0.70(PC3)+0.01(BAD) 0. 564 <0. 05
Anthus hod gsoni 1999 y=0.60-+0.60ns)+0. 02(TreeSC) 0. 828 <0.01
2000 y=0.73+0.42(T'CL/0. 04) 0. 340 >0.05
Dendrocopos major 2000 y=—0.6+0. 44 (Ins) +0. 05(Shrubl) 0. 697 <0.02
Dendrocopos minor 1999 y=—0.38—0.32(dbh)+0.01(TD) 0.712 <0.02
2000 y=1.45+1.8Uns)+0. 09(Shrub2) 0.911 <0.01
Picus canus 1999 y=2.10—0.04(PC1)+0. 02(BA2) 0. 280 =>0. 05
2000 y=0.86—1.10(GCL/0.04)+0.01(N2) 0.663 <0.02
Phylloscopus coronatus 1999 y=0.36+4+0.08(T'D)+0. 04 (Shrubl) 0.599 <0. 05
Phylloscopus schwarzi 2000 y=0.50+0.56(BA1)+0.01(PC1) 0. 394 >0. 05
O Embriza aureola 1999 y=1.69-+0.76(Shrubl)+0. 02(Shrub2) 0. 580 <0. 05
2000 y=0.88+0. 06 (Shrubl)+0. 03(BA1) 0.776 <0.02
O Embriza elegans 2000 y=0.63—0.39P)+0.03(PC3) 0. 447 >0. 05
O Embriza cioides 1999 y=0.90—1.38(Uns)+0. 01 (Shrub2) 0. 869 <0.01
2000 y=1.86+40.07(Shrub2) 0. 897 <0.01
Upupa epop 1999 y=0.42+0.66(dbh)—0.02(Shrubl) 0.612 <C0. 05
2000 y=—1.12+0.54(BA2)+0. 01(dbh) 0.579 <0. 05
Garrulus glandarius 1999 y=—0.31+0.06(IP)+0.02(IL)+0.01 0. 784 <0.02
X (T'CL/0.04) 0. 889 <<0. 01
1D, importance value of Betula dahurica; IS, importance value of Populus simonii; 1L,

importance value of Larizx sp.
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