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Explaining the abundance-distribution relationship of plant species with niche
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Abstract: Species abundance and distribution are often correlated, such that the positive abundance-distribution pattern
means the widespread species tend to be abundant, and narrowly distributed species rare. Several hypotheses have been
proposed to explain the positive relationship between abundance and distribution, but the mechanisms behind this pattern
still remain poorly understood. Among these hypotheses, the niche breadth and the niche position ( or habitat availability)
hypothesis are the most investigated, since the niche-based model predicts that both distribution and abundance mirror the
degree to which local environmental conditions meet the requirements of species. We used outlying mean index to measure
the niche position and the niche breadth of each species in the 436 quadrats collected in the three estuaries of the Yellow
River Delta. The distribution of each species was represented as the number of sites occupied. We tested the relationship
between the distribution and abundance of plant species with a specific aim to examine if this relationship follows the
mechanistic basis of the niche-based ( niche breadth and niche position) hypothesis. We estimated the relationship using
ordinary least-squares regressions. There was a significant positive relationship ( R> =0.75) between the distribution and
abundance of the plant species. We found a significant positive relationship between the niche breadth and abundance, and
the regional distribution. The niche breadth explained 19% of the variation in abundance but 42% of the variation in
distribution. There was a significant negative relationship between the distribution and the niche position, but the

relationship between the abundance and the niche position was not significant. The niche position explained 46% of the
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variation in distribution. These results suggest that some widely distributed species tend to be, on average, locally
abundant, and have wider niche breadth and lower marginality of niche position with regard to the environmental factors
than the species that have more restricted distributions. When the relationship was significant, both the niche position and
the niche breadth explained less than half of the variation in abundance and distribution, this suggests that not only niche—
based processes, but also other mechanisms are likely to act in concert in determining the relationship between distribution
and abundance of the plant species. Although there was some unexplained variability around the relationship, the niche
breadth was more consistently related to the positive abundance-distribution relationship than the niche position. The
positive pattern generally exhibited by the abundance-distribution relationships, has consequences for several areas of

applied ecology, including conservation, harvesting, biological invasions and biodiversity inventory.
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Table 1  The niche position, niche breadth, regional distribution and local abundance

WFh AR DA AR I3 A% 2
Species Niche position Niche breadth Distribution Abundance
13 Imperata cylindrica 65 3.3 48 1757
AMILE Limoninum sinense 44.5 16 30 362
FEMI Tamarix chinensis 38.3 19.4 150 1877
HJL3E Cirsium segetum 65.4 0.8 10 16
KA Cirsium setosum 63.1 6.7 14 51
3k Triarrhena sacchariflora 80 2.4 42 2873
RT3 Calamagrostis pseudophragmites 73.2 6.2 27 2135
LM Salix matsudana 67.4 4.6 8 37
W% B ALY Suaeda salsa 57.1 17.4 254 31241
B Sonchus brachyotus 43.6 13.3 40 504
&K% Eclipta prostrata 68.3 14.6 8 25
ACHI Salix integra 66.8 2.1 17 67
P H Phragmites australis 48.7 20.1 243 13536
B i Bk Apocynum venetum 54.2 14.1 52 488
JKZE Polygonum hydropiper 87.8 6.2 7 38
SOIRFEVS B Cyperus glomeratus 95.7 2.3 10 207
Z 3% Potentilla chinensis Ser 98.8 0.5 8 204
[1)38] Equisetum arvense L. 90.2 0.3 5 150
F i Typha orientalis 50.6 7.5 27 659
Tt yb 5 Cyperus michelianus 99.7 0.1 8 144
YK T Glycine soja 59.1 6.9 27 185
$&3F Aeluropus littoralis 58.2 11.3 34 1233
W%k Tripolium vulgare 44.8 18.1 19 195
T8 Artemisia carvifolia 79.2 3.4 4 44
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