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Abstract

Abstract

Biological invasions are recognized as a significant component of global change,
acting as a major threat to the economy, environment and biodiversity of ecosystems
worldwide. Making clear of the process and mechanism of biological invasioncan
help to control the biological invasion effectively. The reproduction is a critical factor
in a plant’s ability of colonization and establishment, which may affect the success of
the invasion. The phenotypic plasticity may play an important role in the process of
invasion diffusion and occupation to the vast geographical area. Therefore, reveal the
invasive species reproductionand phenotypic plasticity in mutation and its correlation
with environmental factors, can illustrate the mechanism of alien species invasion and
predict their distribution. Spartina alterniflora, native to the Atlantic coast and Gulf of
the United States, was introduced into China in 1979 and now has spread over 19° of
latitude along the western Pacific coast. It is not known how the phenotype of S.

alterniflora varies across this geographic range.

At the end of growing seasond of 2012, and 2013, we studied patterns in
vegetative growth and sexual reproduction of S. alterniflora along a latitudinal
gradient from Tanggu (high latitude) to Leizhou (low latitude), and in an effort to
determine the relationship between S. alterniflora phenotype and environmental
factors, we collected all sample areas of weather, hydrology and soil data. We further
evaluated whether observed phenotypic differences were mostly genetic or mostly
plastic by growing plants from across the range for 2 growing seasons in a common

garden, in 2013 and 2014. The main results were shown as follows:

1. The individual level biological character of S.alterniflora: plant height showed
hump-shaped relationship with latitude in the field, reaching its maximum at
intermediate latitudes, 2012 for Yueqing, Zhejiang (28°20' N) 201 =9 cm, 2013 for
Luoyuan, Fujian (26 ©26' N) 229 +5 cm. Correspondingly, the minimum plant height
in year 2012, and 2013 were 133 £2 cm and 126 %5 cm at the low latitude site of
Leizhou (20 =54 'N). However, plant height in the common garden experiment did
not vary with latitude of origin. The number of spikelets (seeds) per inflorescence
increased from < 100 to > 400 with latitude in the field, but again showed no
relationship with latitude of origin in the common garden. Seed setting (proportion of
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Abstract

seeds that are filled) increased sharply with latitude in the field, ranging from <10 %
at low latitudes to >80% at high latitudes. Seed setting increased with latitude of
origin in the common garden, but the relationship was greatly diminished, with seed
setting ranging from 3 to 20 % in the first growing season in 2013, and 3 to 25 % in
the second growing season in 2014. Variation in seed set was the only trait that
continued to show a latitudinal pattern for two growing seasons in the common

garden.

2. The population level biological character of S. alterniflora: plant shoot density
declined ca. 40 % with increasing latitude in the field, but showed no relationship
with latitude of origin in the common garden. The percentage of culms flowering
peaked at intermediate latitudes in the field, Yancheng, Jiangsu in 2012 (3342 'N) 69
*+7% and 2013 Yunxiao, Fujian (23<55' N) 83 £4%. This relationship was apparent
but weaker in the common garden in the first year, then disappeared in the second
year. Seed production, measured as the number of spikelets/m?, increased from low

latitudes to an asymptote at high latitudes; no pattern was seen in the common garden.

3. Abiotic conditions across latitude: abiotic conditions varied considerably among
the survey locations. Annual average temperatures declined from 23.2<C (Zhuhai) at
low latitudes to 13.4<C (Tanggu) at high latitudes, and the annual number of growing
degree days (> 10<C) similarly declined from 8410 (Zhuhai) at low latitudes to 4679
(Tangdu) at high latitudes. Annual total precipitation also declined from 1812 mm
(Zhuhai) at low latitudes to 587 mm (Dongying) at high latitudes. Tide range was
greatest at intermediate latitudes (5.28 m at Yueqing), and varied three—fold among
sites. Porewater salinity in the fall varied five-fold among sites, ranging from 11.2
(Zhuhai) to 55.1 PSU (Lianyungang). High latitude sites tended to have soils with
higher salinity. Soil water content varied two—fold, from 26.2 (Yancheng) to 58.3 %
(Zhuhai), and soils tended to be driest at high latitudes. Soils were of silty loam,
orclay from all field sites. Soil carbon and nitrogen varied three and four—fold among

sites, respectively, but did not show latitudinal patterns.

4. Correlation analysis: several of the abiotic variables measured were correlated
with latitude, and correlated with each other. In particular, annual average temperature,
annual number of growing degree days, annual total precipitation, and soil water

content were strongly correlated with each other, and soil nitrogen was strongly

Vv
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correlated with annual average temperature, annual number of growing degree days,
and soil water content. Because temperature, growing degree days, precipitation, soil
water content, and soil nitrogen all correlated with latitude, all of these variables
individually predicted variation in S. alterniflora traits in the field. The best multiple
regression models for S. alterniflora traits identified that temperature, growing degree
days, precipitation, soil nitrogen, and mean tidal range were the most important

predictors of variation in S. alterniflora traits in the field.

The rapid spread of S. alterniflora across almost the entire coast of China has
probably been facilitated by a high degree of phenotypic plasticity in growth and
reproductive traits. Genetic clines for most traits have probably not yet evolved in the
introduced range, whereas they exist for some traits in the native range. Considerable
genetically-based variation among clones at any site in the introduced range, however,
indicates that there is the potential for evolution of geographic clines in the future.
Small stature and low fecundity of low latitude S. alterniflora populations in China
might result in slower spread at low latitudes, but S. alterniflora is likely to continue
to spread rapidly at high latitudes in China and into the Korean peninsula.

Key words: biological invasions; latitudinal gradient; phenotypic plasticity; common

garden; Spartina alterniflora
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