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Application of Terrestrial Transect Approach in the studies of
Vegetation-Environment Relationship

——A Case Study on the Northeast China Transect( NECT)
Abstract

The terrestrial transect firstly proposed by IGBP is a valuable tool to study the re-
sponse of vegetation dynamics of terrestrial ecosystems to global change in climate, land
use and atmospheric composition. It facilitates interdisciplinary, integrative global
change research, and has already been adopted in many other international programs
now.

The terrestrial transect approaéh was introduced in the first part of this book.
Then, the Northeast China Transect (NECT), one of the four initial IGBP transects,
was taken as an example to study the relationship between vegetation and environments.
The vegetation-environment relationship, a main topic in vegetation ecology, is becom-
ing a vital issue under the global change sped up by human activities. Basic eco-geolog-
ical database containing basic information of NECT such as soil type and characteristics,
vegetation composition, climate data, field investigated data and collective materials
from each county or banner were set up by the use of 3S technologies (GPS, GIS and
RS). According to these data sets, plant diversity, plant functional types, the quantita-
tive correlation of climate, NDVI and vegetation, and the distribution of biomes and
their variations under future different global change scenarios were studied at two lev-
els, community and regional scale. The main results are shown as below:

1. There is an east-to-west descent of a-diversity along 43. 5 °N of NECT, i e.,
forest communities > meadow steppe >> typical steppe >/<C Sandy communities >
desert steppe. And, in forest, natural >> artificial, in meadow steppe, Aneurolepidium
chinensis community > Fili folium sibiricum community, in typical steppe, the highest
diversity was in mixed Stipa grandis, Stipa krylovii, Aneurolepidium chinensis com-
munity. Three a-diversity indices, which were less correlated with temperature and pre-
cipitation in growth season, were all significantly correlated with mean annual tempera-
ture, but the coefficient was less than 0. 5 B indices were all correlated with total annual
precipitation, which is identical with the driving factor of NECT.

2. There are totally 17 different life forms in different plant communities along
43.5°N of NECT, with 8 water ecotypes and 17 floristic geographical elements. The
changing regular pattern of characteristics was analyzed based on the above community
features. The possible historical and geological causes of the distribution of different life
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forms were also discussed.

3. There are 125 C, plant species, 5. 4% of the total plant species in Inner Mongolia
pertaining to 12 families and 17 genera. Most of C, plant(82. 4%) belong to Pouaceue,
Chenopodiaceae and Cyperaceae families. Most C, species are highly concentrated on a
few families and genera, which could be related to their own hereditary features. The
life forms of most C, species were found to be annual ford possibly owing to their narrow
origin families or genera. The water ecotypes of C, plant in this area are shown to be
drought ecotypes, indicating that such species prefer to heat and can resist drought habi-
tat well. The distribution of C, plant along NECT was studied and a model to quantify
their relation with environmental factors was set up. The ratio of the number of C;
plants to that of C, plants along NECT showed the trends of two low and two high from
east to west, and their distribution was mainly decided by annual average temperature
and precipitation.

4. Based on actual field photosynthetic value set obtained from our research plat-
form, Northeast China Transect (NECT), a new approach, developed from the concept
and principle of discriminant analysis, was proposed to distinguish C; and C, plants. In-
dices related of plant photosynthetic capacity measured by an LCA4 photosynthesis sys-
tem were selected to build the discriminant model which is based on four related parame-
ters; net photosynthetic rate, transpiration rate, stomatal conductance, and difference
in temperature between leaf surface and atmosphere.

5. Canonical ordination was applied to the studies of plant performance in relation
to local environmental variables, based on the field investigation to the plant communi-
ties of 40 sites, together with the geographical positions and the ten climatic factors.
Mean annual precipitation, rainfall in July, August and September, radiation ratio
showed high correlation with the species axis 1, and the species axis 2 exhibited a close-
ly correlation with mean annual potential evapotranspiration. Humidity index showed a
greater correlation with the axis 1 than with axis 2. Mean annual temperature and warm
index showed less correlation with the two axes. These results reflected the spatial cli-
matic patterns. DCCA ordination explained 47. 3% of the total variation of the vegeta-
tion, 34.7% of which were explained by environmental variables only, 8.0% by spatial
variables only, and 4. 6% by spatially structured environmental variation. The left
52. 7% could not be explained by the measured variables, which may indicate the impor-
tance of the underlying factors, such as local topographic and edaphic ones, and human
activities to the vegetation.

6. Fluctuations and trends in temperature and precipitation for the eleven meteoro-
logical stations in NECT for the period 1951 ~1997 were calculated to analyze climate
variation in the short-term scale. The results showed that annual average temperature
all has a significant ascend about 1. 35°C, from 0. 95~1. 82°C, whereas, no significant
trends were found from precipitation data. Moreover, two method of simple climate de-
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parture index and variation coefficient (CV %) were used to analyse inter-annual varia-
tion of precipitation from different vegetation types. CV% of precipitation of different
vegetation types show a rising trend from east to west, the lowest value located in east-
ern mixed meedle-broadleaf forest, then the meadow steppe, typical steppe and desert
steppe, which probably indicate a feedback of vegetation to climate variable. Inter-annu-
al variation of precipitation has no increasing trend along with global warming, it is a
fluctuated event in small time scale.

7. The intra-annual variability of different characteristics of the NDVI curve and
their relationship with climatic variables for five vegetation types of NECT, mixed mee-
dle-broad forest, sandy grassland, meadow steppe, typical steppe, and desert steppe
were analyzed. Fifty-two sites located at relatively undisturbed areas were selected to
analyze the variability of four traits derived from the annual NDVI curve, the annual in-
tegral of NDVI(NDVI-1), maximum of NDVI(NDVI-MAX) and its month, the differ-
ence between maximum and minimum NDVI (NDVI-MM). NDVI-I declined from east
to west and had a significant variation among different zonal vegetation types. The pre-
cipitation of previous year in summer and of current year in winter have a significant cor-
relation with NDVI-1, and the climatic variables having significant correlation with ND-
VI-MM and NDVI-MAX are the same two, precipitation of current year in autumn and
of previous year in summer.

8. According to Ecological Information System (EIS) satellite data, the 8 X8 km
Normalized Difference Vegetation Index (NDVI) was applied to the 1 : 1 000 000 digital
vegetation map of NECT, which includes 119 vegetation types. By doing so, the con-
cerned NDVTI correspondent to the particular vegetation type could be calculated. Out of
totally 119 vegetation types in NECT, there were 91 types including 6 types of cultivat-
ed vegetation, which could reflect the changes of NDVI. The results showed a trend of
NDVI of 10 combined vegetation types: Swamp vegetation > Mixed meedle leaf and
broadleal forest > Needle leaf forest > Broadleaf forest > Cultivated vegetation >
Scrub > Meadow > Scrud and grass-forb community > Steppe > Desert. Two types
have higher NDVI value, one locates in eastern forest area, another in swamp. Finally,
each four-week variability of NDVI of main vegetation types on NECT was calculated
and the dynamic curves were done.

9. The main biomes and ecotones along Northeast China Transect (NECT) were
identified by means of the Model, Biodiversity Pattern Analysis(BPA) derived from the
climate data sets measured since 1950s, and the Holdridge Life Zone System. Such a
simulation was tested through the actual field investigation. The results show that loca-
tions and areas of the main biomes and the ecotones lying between them could be accu-
rately distinguished through the BPA model. And the simulated distribution of biomes
and ecotones was in agreement with that of actual geography location and plant commu-

nity investigation. The responses of biomes and ecotones to global change can also be
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simulated using the Model. Under global climate change scenarioes, the areas of some
ecotones may increase. It is quite sensitive for the forest biome respond to the change of
precipitation. There will be a large change in the location of grass biome, but the change
in its relative area will be small. The shrub biome along NECT, nevertheless, will be
most violent when global change occurs.

10. Under double CQ, concentration, mean annual temperature of whole transect
might increase 0, 76 ~0. 87 °C, total annual precipitation increase 20~30 mm, whereas,
NDVI might show a descend trend.

Key Words: Global change, Vegetation-environment relationship, DCCA, PFTs,
Plant diversity, Biome, NDVI, Northeast China transect (NECT)
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