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Figure 3. Accumulation of species in area selection analyses of existing reserves and of
pixels (i.e. without regard to existing reserves) across China.

Figure 4. Richness map for the 9o species and selected pixel-based areas. White indicates
species richness of 1-5, light grey 6-10, medium grey 11-15, and dark grey > 16. Dark
lines indicate pixel-based potential protected areas, and numbers correspond to order of
conservation priority.
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ang-northwestern Jilin border (centre 123.3°E, 46.6°N) held 15 species new to the
prioritization. A third site in northern Hainan Province (centre 109.9°E, 19.0°N)
added nine species to the system. Succeeding areas were southernmost Ganshu
Province (seven species), southern Fujian Province (seven species), south-eastern
Tibet (five species), southern Qinghai Province (four species), southern Hubei,
north-eastern Hunan, and north-western Jiangxi (three species), westernmost
Xinjiang Province (three species), southern Yunnan Province (three species), east-
ern Nei Mongol Province (three species), western Beijing and eastern Hebei Prov-
ince (three species), southern Guangdong Province (two species) and western-
most Tibet (two species). The area selection ended at iteration 15, in which the
six remaining species (Liocichla omeiensis, Brachypteryx hyperythra, Aquila heliaca,
Oxyura leucocephala breeding area, Phoenicurus alaschanicus and Tadorna cristata)
did not co-occur. Therefore, this area-selected system held 86 species in 14 areas,
and 20 areas were identified that included all 9o species (Figure 3). Interestingly,
accumulation of species in existing reserves under the ““any-occurrence’” in bio-
sphere reserves assumption equalled the no-reserve approach through the fourth
iteration; thereafter, however, accumulation of species in the no-reserve system
outstripped that in the existing reserve system.

While assessing the avifauna using a rarity-based approach, without con-
sidering existing protected areas, an area in Hebei Province was predicted to
hold five of the go species. A second area in southern Yunnan Province held
eight species new to the prioritization. A third site in northern Hainan Province
added 11 species to the system. Succeeding areas were north-western Xinjiang
Province (two species), northern Xinjiang Province (one species), western Tibet
(two species), eastern Tibet (10 species), southern Guangdong Province (seven
species), southern Ganshu and northern Sichuan Provinces (12 species), Sichuan
Province (four species), south-western Heilongjinag and northern Jilin Provinces
(nine species), western Xinjiang Province (three species), eastern Nei Mongol and
northern Liaoning Provinces (three species), eastern Hunan and western Jianxi
Provinces (five species), western Beijing and eastern Hebei Province (three
species), Qinghai Province (three species), southern Tibet (two species), and
south-western Guizhou Province (two species).

Finally, to assess the 55 species not included in existing reserves under the range-
centre assumption, we selected areas for just those species to identify the most crit-
ical additions to the existing reserve network (Figure 5). An area in north-eastern
China (centre 123.5°E, 46.2°N) was predicted to hold 8 of these 55 species; a second
area in western Yunnan Province added eight species to the prioritization; and a
third site in Hainan Province added seven species to the system. Succeeding areas
were in southern Qinghai Province (five species), Sichuan Province (four species),
south-eastern Guangdong Province (three species), western Beijing and eastern
Hebei Province (three species), western Xinjiang Province (three species), Nei
Mongol, Ganshu, Qinghai and Ningxia provinces (two species), south-eastern
Tibet (two species) and western Tibet (two species). The area selection ended at
iteration 13, in which the six remaining species (Aquila heliaca, Brachypteryx hyper-
ythra, Oxyura leucocephala breeding and wintering areas, Sitta formosa, and Tadorna
cristata) did not co-occur. While assessing the 55 species not included in existing
reserves under the range-centre assumption with species-richness method, we
obtained almost the same results.
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Figure 5. Potential additions to the existing reserve network, based on analysis of 55
species not included in existing reserves, based on the range-centre assumption. Priority
areas are indicated in order by numbers, and the six species that do not co-occur with
other species are also shown.

Discussion

Several considerations need to be taken into account concerning the area selec-
tion procedure employed. Obviously, the conclusions of this study are only as
good as the distributional predictions on which they are based. However, several
studies indicate that GARP is a valid approach to predicting the distribution of
species (Stockwell and Peterson 2002a, b, Peterson 2001, Godown and Peterson
2000, Peterson et al. 2001, 2002). In general, although statistical tests were not
feasible owing to the relatively small amount of occurrence data available, we
expect that about 9o% of the models developed and used predict geographical
distributions much better than would be expected at random.

The application of complementarity methods to predictive models is also in the
early stages of development. Complementarity can produce odd combinations of
areas because of its clear emphasis on the most different faunal compositions,
and for that reason further area selection procedures have been developed, such
as the rarity approach used herein. Application of more complex methodologies
(e.g. Williams et al. 1996) in the present example, however, is complicated by the
enormous number of pixels under consideration in our analyses, in contrast to
the usual applications of such methods (Peterson et al. 2000). Nevertheless, previ-
ous applications of our approach (Peterson et al. 2000) have shown clear utility
in identifying important areas for conservation action.

The pixel-based area selection (i.e. no attention paid to existing reserves)
includes 86 of the 9o species in the first 14 areas (Figure 3), whereas the selection
among existing reserves can only protect 62 (any-occurrence assumption) and 37
(range-centre assumption) species, respectively. Curves based on existing reserves
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were asymptotic after 10-11 reserves. Our analysis of unprotected species identi-
fied additional areas for exploration as potential next priorities for protection.

Our comparison of pixel-based area selection with those of existing protected
areas suffers somewhat from differences of scale. Existing protected areas range
as large as 10° ha, whereas individual pixels are 37,300 ha each, nearly two orders
of magnitude smaller. Hence, this contrast further emphasizes that the pixel-
based area-selection approach not only achieves better coverage of species, but
also does it much more efficiently per unit area.
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