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Abstract  In order to measure the impact of changes in the marsh on breeding Red-crowned Cranes 
(Grus japonensis) and White-naped Cranes (G. vipio) in the Sanjiang Plain, we conducted a complete 

crane survey in each of the summers of 2007 and 2008, and obtained information on the changes 

in its marsh through interpretation of satellite images in 1986, 1995, 2000 and 2005. A comparison 

between the 1984 and 2008 census shows that: 1) the number of Red-crowned Cranes remained stable 

at about 300 birds, while the number of White-naped Cranes increased markedly; 2) the estimates 

of nests of Red-crowned cranes are close to the numbers of 1984, while approximately 90% of the 

nests of these two crane species were distributed over five national nature reserves (NNRs); 3) the two 

crane species became more concentrated in three regions, i.e., the Fuyuan Delta, the middle reaches 

of the Naoli and Qixing rivers, and the Xingkai Lake wetlands, rather as formerly in six regions. The 

area of the marsh decreased by 45% within the 20-year period from 1986 to 2005. The major loss of 

the marsh area was in the form of a conversion to paddy fields and dry land, which can be primarily 

attributed to direct human activity under various economic and policy drivers. The disappearance 

of cranes in the Dulu and Abuqin rivers was induced by large-scale agricultural development. The 

fragmentation into and isolation of small areas of the marsh became increasingly more serious, which 

resulted in unsuitable condtions for crane breeding in small patches of the marsh. The number of 

cranes declined from 1984–1995 but had recovered remarkably by 2008, which may be due to the 

establishment of a system of nature reserves, in place since 2000. The land ownership of the reserve 

plays a key role in maintaining the integrity of the wetland ecosystem, especially in Sanjiang, Honghe, 

Naolihe and Qixinghe NNRs, which together accommodated approximately 80% of the population 

of cranes. However, we did not discover any nests at all in the provincial and municipal reserves, 

which may be attributed to high human disturbances in these areas. In the end, we propose some 

recommendations on reserve management.
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Introduction

Habitat destruction is the most significant cause in the 

decline and extinction of populations and species of 
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animals and plants (Hanski, 1998; Prugh et al., 2008). 

Among birds, habitat destruction has been identified 

as the main threat faced by 82% of endangered spe-

cies throughout the world (Temple, 1986). Habitat loss 

may occur in several ways, such as clearance of habitat, 

fragmentation of habitat into patches and decrease in 

the quality of habitats (Hanski, 1998). While impacts 

of habitat clearance are usually immediate and clearly 

identifiable, the ability of animals to persist in frag-

mented landscapes shows a great deal of interspecific 

variation and is dependent on their biological attri-

butes. The abundance of some species does not change; 

some species flocks may increase in size, whereas most 

species either decline in number, forming fragmented 

distributions throughout their former ranges, or be-

come extinct (Noss and Murphy, 1995; Schmidt and 

Roland, 2006; Swift et al., 2010).	

The Red-crowned Crane (Grus japonensis) is the 

second most of rare crane species, with a total popula-

tion of 2750 birds in the wild (BirdLife International, 

2012). A migratory population of about 1550 birds 

breeds in southeastern Russia, northeastern China and 

Mongolia (Wang, 2008). The White-napped Crane (G. 

vipio) is recognized as a vulnerable species in the IUCN 

Red List, with a total population estimate at 5500–6500 

birds (BirdLife International, 2012). This species breeds 

in the northeast of Mongolia and China and adjacent 

areas of southeastern Russia (Hilton-Taylor, 2000; Bird-

Life International, 2012). For these two crane species, 

the key threat is the loss and degradation of wetlands 

in their breeding and wintering grounds, principally to 

conversion for agricultural purposes and growing hu-

man demand for water, but also on account of indus-

trial and economic development (Masatomi et al., 1990; 

Harris, 1994; Smirenski et al., 1995; Bradter et al., 2007; 

Lee et al., 2007; Wang, 2008; Jiang et al., 2009; Su and 

Wang, 2010). All of these causes resulted in a decline 

of the Red-crowned Crane and as well as the probable 

decline in the number of White-naped Cranes (BirdLife 

International, 2012).

The Sanjiang Plain, located in the Heilongjiang 

Province of northeastern China, is the largest freshwa-

ter marsh in China (Liu, 1997). It is one of the most 

important breeding grounds for the Red-crowned and 

White-naped cranes in the world (Liu and Ma, 2002; 

BirdLife International, 2012). Historically, only one 

complete survey on the number and distribution of 

breeding cranes was ever conducted, in this case in May 

of 1984, with a Y-11 light airplane. A total of 309 Red-

crowned Cranes (Ma and Jin, 1987) and only 11 White-

naped Cranes (Feng and Li, 1985) were counted in that 

survey. In 1995, the second aerial survey largely focused 

on only part of the region when 65 Red-crowned 

Cranes were counted (Piao et al., 2000). For other sur-

veys, again only part of the Sanjiang Plain was covered 

with the focus mainly on the Red-crowned Crane (Han 

et al., 2003; Li et al., 2003; Feng et al., 2005; Yang et al., 

2005; Cheng and Li, 2006; Hua et al., 2006).

Since the end of the 1950s, large-scale development 

in the Sanjiang Plain marsh has occurred (Liu and Ma, 

2002). By 2003, about 80% of natural wetlands had 

been reclaimed for agriculture and the loss of wet-

lands continues (Liu et al., 2004). According to Zhao 

(1999), if the marsh decreases at the same rate as in 

recent years, the natural marsh of the Sanjiang Plain 

will disappear within 20 years. In order to protect the 

existing marsh and biodiversity, including the cranes in 

the Sanjiang Plain, 18 nature reserves have been estab-

lished since 2000 (Table 1). Our surveys dealt with two 

questions: 1) Has the large-scale agricultural develop-

ment from 1986–2005 (20 years) in the Sanjiang Plain 

resulted in the decline of breeding cranes? 2) Is crane 

protection effective with the improvement in the system 

of nature reserves since the end of the last century?

To address these two questions, we conducted ground 

surveys on breeding cranes in the summers of 2007 

and 2008 and obtained information on the changes in 

the marsh through interpretation of satellite images 

in 1986, 1995, 2000 and 2005 of the Sanjiang Plain. 

Considering that the Red-crowned and White-naped 

cranes are large and white-colored species (Frederick 

et al., 1996; Rodgers et al., 2005), we assume the results 

of complete aerial and ground surveys are reliable and 

comparable, especially in the reed growing season and 

relatively flat marshes. Hence, we compared the number 

and distribution of the two crane species between the 

census of 1984 and that of 2008, explored the effect of 

changes in the marsh landscape on the distribution of 
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cranes and breeding pairs on a regional scale and dis-

cuss the efficiency of the system of nature reserves on 

the protection of cranes. In the end, we propose several 

measures for the conservation of cranes and habitat 

management.

Study area

The Sanjiang Plain, covering a total area of 108900 km2, 

is located in the northeast of China (43°49′–48°27′N, 

129°11′–135°05′E) (Fig. 1). The Sanjiang Plain was 

formed by a low alluvial plain of three rivers: the Hei-

long, Songhua and Wusuli rivers (Liu and Ma, 2002). 

The plain is divided into a northern and southern part 

by the Wanda Mountains. The core area of the north-

ern part is referred to as the Small Sanjiang Plain with 

a total area of 45500 km2, and the southern part as the 

Mulin-Xingkai Plain with a total area of 8800 km2 (Liu 

and Ma, 2002) (Fig. 1a). Before the 1950s the Sanjiang 

Plain was still a pristine area. At the end of the 1950s, 

a great number of retired soldiers swarmed into this 

region to reclaim the wetland (also called the Sanjiang 

Plain marsh). Over the past 50 years, the area of cul-

tivated land increased from 15.91% of the total area 

in 1954 to 48.16% by the year 2000, while the area of 

wetlands decreased from 32.74% in 1954 to 10.31% in 

2000 for the entire Sanjiang Plain (Song et al., 2008). 

Of a total population of 7.8 million in the plain, 53.4% 

are engaged in farming. The plain has become one of 

the most important commercial grain baskets in China, 

with a total yield of grain and beans of about 704.25 

million ton per year (Liu and Ma, 2002).

Fig. 1  Location of Sanjiang Plain in China (a) and distribution of survey sites of cranes (b) at Sanjiang Plain in the summer of 2007 
and 2008
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The climate of the study area is characterized as a 

temperate humid and sub-humid continental monsoon 

region. The average temperature is –18°C in January 

and 21–22°C in July. The frost-free period is 120–140 

days. Annual precipitation is 500–650 mm, with 80% 

of the precipitation occurring from May to September. 

Most of the rivers in the area have riparian wetland 

characteristics — a slight gradient and a large channel 

curve coefficient. The types of plants present belong to 

the Changbai flora, largely meadow and marsh vegeta-

tion (Liu and Ma, 2002).

Methods

Field method

Referring to historical references in relation to popu-

lation size and distribution of cranes in the Sanjiang 

Plain (Feng and Li, 1985; Ma and Jin, 1987; Li et al., 

2003), together with the distribution range of marshes 

obtained from TM satellite images in 2005, we con-

firmed each and every potential distribution range of 

cranes in Sanjiang Plain. From 1–13 June 2007 and 

between 22 May and 3 June 2008, three survey teams 

simultaneously conducted complete ground surveys of 

the cranes at 51 sites (Fig. 1, Table 1) of the plain. The 

first team took charge of the Xingkai Lake wetland, the 

second team was responsible for the Qixing and Naoli 

rivers and the third team surveyed the Dulu River and 

Fuyuan Delta. For each survey site, we counted the 

number of cranes from the top of 20 to 30 m high tow-

ers or from two to four observation sites, using a 20 × 

60 SWAROVSKI telescope. Each visit varied in time 

from 15 to 40 min, depending on the number of cranes 

present and the difficulty in estimating the number of 

nests or breeding pairs. One problem needs to be men-

tioned, i.e., the complete ground survey for the Naoli 

and Qixing rivers was conducted by only one team and 

Table 1  Basic information on survey sites and related nature reserves in the Sanjiang Plain. The reserve information was provided by 
the Division of Wildlife Management, Heilongjiang Forestry Department, established before September, 2007.

Name of reserve a Approved year Area (ha) Code and/or name of survey sites

Duluhe PNR 2003 19000 1 Yueyapao, 2 Shuichengzi

Anbanghe PNR 2001 10295 3 Boating site, 4 PS

Heiyupao PNR 2007 22401 5–6

Liuhetang MNR 2000 6000 7

Honghe NNR 1996 21835 8–10

Sanjiang NNR 2000 198100 11–14 Nongjiang PS, 15 Zhuaji PS, 16 Haiqing PS, 17 Sihe PS

Bacha Island NNR 2003 32014 18

Dajiahe PNR 2004 72604 19 Yongfeng

Naolihe NNR 2002 160595 20 Raohe Farmland, 21–22 Shengli Farmland, 23 Qiangpaizhan of 

Changling Island, 24 Luoma Lake, 25 Wuxing Lake, 26 Dayudui of Yanwo 

Island, 27 Pingyuan Reservoir of Yanwo Island, 28 Paotai of Yanwo Island, 

29 Qiangpaizhan of Yanwo Island, 30 Tower of Changling Island, 31 

Qiangpaizhan of Hongqiling

Dongsheng PNR 2004 17800 32 Beigangzi PS

Qixinghe NNR 2000 20000 33 Xidapaozi PS, 34 Baoping PS, 35 Yueyapao PS, 36 Youyi Qiangpaizhan, 

37 Qixing PS

Sanhuanpao PNR 2004 25705 38–40

Zhenbao Island NNR 2008 44364
41 Zhenbao Island, 42 Liuguafupaozi, 43 Hutou, 44 Yueya Lake, 45 Bird 

Island

Xingkai Lake NNR 1994 222488 46–49 Northeast Paozi, 50–51 Longwangmiao

a MNR, municipal nature reserve; PNR, provincial nature reserve, NNR, national nature reserve; PS, protection station. The 

abbreviations also apply to Tables 2 and 3.
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the other two teams did not complete the entire survey 

due to weather problems in 2007.

Meanwhile, referring to publications of territorial 

research into Red-crowned and White-napped cranes 

(Zhou and Su, 1990; Li and Li, 1998; 1999), as well as 

consulting related crane experts, we defined cranes as a 

breeding pair according to one of the following criteria:

1) When a pair or a single crane moves around the 

nest, it was defined as a breeding pair;

2) When a surveyor approached the cranes to about 

600 m and one crane still moved in the surroundings, it 

was defined as a breeding pair;

3) When a pair or a single crane observed in the 

marsh, whose area exceeded 2.6 km2 (for Red-crowned 

Crane) or 4.2 km2 (for White-naped Crane), the patch 

width wider than 1.5 km and without or with only a 

very few anthropogenic activities such as fishing and 

grazing, we defined it as a breeding pair;

4) When two pairs of cranes were observed in the 

marsh at a distance exceeding 600 m, and the area ex-

ceeded 5.0 km2 (for Red-crowned Crane) or 8.0 km2 (for 

White-naped Crane), with the patch width wider than 

1.5 km and again no or very few human activities, such 

as fishing and grazing, we defined them as two breeding 

pairs.

Land cover

Red-crowned Cranes prefer to nest and feed in a marsh 

with relatively shallow water, building their nests in ar-

eas with standing dead vegetation (Smirenski, 1988). A 

typical White-napped Crane breeding habitat includes 

shallow wetland and wet meadows in broad river val-

leys, along lake edges and in lowland or mixed forest 

steppes (Su et al., 1991; Fujita et al., 1994). We classified 

the land cover and land use of the Sanjian Plain into 

eight types: marsh, paddy field, dry land, forest (broad 

leaved trees and shrubs), grassland, mudflat (no vegeta-

tion in the edge of lakes and along rivers), residential 

area and open water (lakes, temporal and permanent 

water and rivers). Among these types, only the marsh 

was treated as a suitable habitat for breeding cranes.

The study area covered 12 Landsat TM/ETM scenes. 

The land cover types in the Sanjiang Plain were identi-

fied using the satellite images in 1986, 1995, 2000 and 

2005. All images were obtained from June to September 

since this period is the growing season and best for land 

cover classification. All images had already been radio-

metrically corrected when purchased and registered us-

ing the Gauss projection (identical to that of registered 

topographic maps) using the ERDAS Imagine 8.7 soft-

ware.

The 12 scenes of images acquired in 2005 were used 

as reference images to correct the other 36 scenes (for 

image to image registration) in 1986, 1995 and 2000. 

An average error (RMS) of less than 0.5 m was achieved 

for all images, while the pixel size was kept at 30 m × 

30 m. Our study area ran across all 12 scenes of the TM 

imagery. We performed a histogram matching between 

adjacent scenes for the same year using the ERDAS 

Imagine 8.7 software to conduct image-to-image ra-

diometric normalization between adjacent images so 

that the distribution of brightness values within two 

adjacent images are as close as possible in the resultant 

mosaic image.

We used a combination of unsupervised and super-

vised classifications based on expert knowledge. More 

than 200 training locations were collected in the field 

for different land cover types in 2005. The accuracy of 

the resultant landscape maps was assessed using field 

survey reference data from the study area in 2005. Their 

error matrix indicated that the overall accuracy reached 

87.5%.

Data processing

All vector data were converted to raster data on a 100 m 

× 100 m grid. We used the function of spatial analysis 

to generate a habitat transition matrix between different 

years. All spatial data were managed using ArcGIS 10.0. 

We selected a set of eight indices such as those com-

monly used in landscape ecology studies, including 

number of patches (NP), patch density (PD), landscape 

shape index (LSI), area fragmentation index (FI) and 

edge density (ED). The algorithms and descriptions are 

in reference to those designed by Zhang et al. (2007). 

All indices except the FI were computed using Fragstats 

version 3.3 (McGarigal et al., 2002).
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Results

Number and distribution of cranes

In 2007, 155 Red-crowned Cranes were counted, of 

which 54% stayed or moved as pairs; in 2008, we 

counted 303 cranes, 64% of which remained or moved 

as pairs (Table 2). The cranes were largely found in the 

marshes of the Fuyuan Delta (54 birds in 2008), Naoli 

and Qixing rivers (197 birds in 2008) and the Xingkai 

Lake wetlands (44 birds in 2008) (Fig. 2). The con-

centration area of the greatest number of cranes was 

located in the region of the Naoli and Qixing rivers, ac-

counting for 65% of the total number of this crane in 

2008.

In 2007 we counted 53 White-naped Cranes and in 

the next year 282 (Table 2). Of these, only 23% stayed 

or moved away as pairs in 2007 and in 2008 this was 

only 15%. Distribution of the White-naped Crane was 

eerily similar to that of the Red-crowned Crane, except 

for the Xingkai Lake wetland (Fig. 2). Its greatest con-

centration was also in the region of the Naoli and Qix-

ing rivers, accounting for 72% (202 cranes) of the total 

number of cranes in 2008.

The relatively large differences in the number of 

both crane populations are considerable between the 

two years. The major reason is that the survey was only 

conducted completely in the Naoli and Qixing river ar-

eas, but not in the Sanhuanpao and Dajiahe Provincial 

Nature Reserves (PNRs) due to the various factors, such 

as the climate in 2007. Actually, the number of Red-

crowned cranes in this region was quite similar in the 

both years (138 birds in 2007 and 148 cranes in 2008). 

As well, both crane species frequently move in the bor-

der area of the Naolihe, Qixinghe and Sanhuanpao re-

serves.

Number and distribution of pairs of breeding cranes

According to the criteria defined in our field method, 

the number of breeding pairs of Red-crowned Cranes 

was 11 in 2007 and 43 in 2008 and those of the White-

naped Crane 9 and 12 respectively (Table 3). The major 

difference between the both occurred at the Xingkai 

Fig. 2  Population size and distribution of Red-crowned Crane (RCC) (a) and White-naped Crane (WNC) (b) at Sanjiang Plain in 
the summer of 2008. The grey line indicates the range of the Small Sanjiang Plain.
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Table 2  Number and distribution of Red-crowned and White-naped cranes in Sanjiang Plain in the summer of 2007 and 2008. 
Blanks in the table mean the sites were not surveyed and the zero values mean the sites surveyed were without cranes.

Region Reserve name Site code Red-crowned crane White-naped crane

2007 2008 2007 2008

Anbang River Anbanghe PNR 4 0 0 5 (2) 7 (3)

Wanyan River Liuhetang MNR 7 0 8 (4) 0 19 (2)

Fuyuan Delta Honghe NNR 8 4 (2) 20 (10) 2 (1) 14 (7)

9 6 (3) 10 (5) 0 6 (3)

10 1 4 (2) 0 0

Subtotal 11 (5) 34 (17) 2 (1) 20 (10) 

Sanjiang NNR 11 6 (3) 4 (2)

12 2 (1) 0

13 6 (3) 6 (3)

14 4 (2) 9* (4)

16 0 2 (1) 0 2 (1)

Subtotal 0 20 (10) 0 21* (10)

Naoli River Dajiahe PNR 19 0 7 (1) 0 0

Naolihe NNR 21 0 0 0 3

22 0 0 2 0

24 5 15 (3) 2 10 

25 2 (1) 0 0 0

26 8 (4) 15 0 4 

27 0 0 3* (1) 0

28 5 (2) 4 (2) 4 (2) 8** (2)

29 7 (1) 7 (1) 0 0

30 76 (20) 25 (6) 8 (3) 83 

31 12 (2) 8 (4) 4 2 (1)

Subtotal 115 (30) 74 (16) 23*(6) 110**(3) 

Dongsheng PNR 32 3 23 (4) 2 8 

Qixing River Qixinghe NNR 33 13 (3) 6 (2) 7 (2) 12 (2)

34 0 4 0 0

35 6 (1) 8 (3) 2 (1) 6 (2)

36 0 11 0 0

37 4 (2) 22 (4) 4 7 (1)

Subtotal 23 (6) 51 (9) 13 (3) 25 (5)

Sanhuanpao PNR 38 0 20 (3) 0 36 (3) 

39 0 18 (9) 0 6 (3)

40 1 4 (2) 8 25 

Subtotal 1 42 (14) 8 67 (6)

Xingkai Lake 

wetland

Xingkai Lake NNR 46 0 4 (2) 0 6 (3)

47 10 (5) 0

48 6 (3) 0

49 4 (2) 0

50 18 (9) 0

51 2 (1) 2 (1) 0 0

Subtotal 2 (1) 44 (22) 0 6 (3)

Total 155 (42) 303 (97) 53 (12) 283 (42) 

* indicates the number of birds including one chick and ** indicates the number of birds including two chicks. The number in the 

bracket shows the number of pairs, which was counted during the survey. 
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Lake NNR. Twenty-two breeding pairs of the Red-

crowned Crane were estimated in 2008, while only one 

pair was inferred in 2007. For the White-naped Crane, 

three pairs were inferred in 2008, compared with no es-

timates for 2007.

Change in land cover

Over the study period, the area of all types of land 

cover, except for cultivated land, has decreased severely 

in the Sanjiang Plain between 1986 and 2005 (Table 4). 

During this period, the area of cultivated land increased 

by 14767 km2 (32.6%). However, this cover type in-

creased by 7609 km2 from 2000 to 2005, approximately 

twice the rate from 1986 to 2000. The area of paddy 

fields increased approximately twice the area of dry 

land. The new paddy fields mainly expanded in the fol-

lowing four areas: the Dulu River, the Fuyuan Delta, the 

upper and middle reaches of the Naoli River and the 

Xingkai wetland (Fig. 3). The area of grassland and for-

est has decreased by over 4000 km2.

The original marsh has experienced a loss of ap-

Table 3  Estimates of breeding pairs of Red-crowned and White-naped cranes based on defined criteria. The number in the bracket 
indicates the standard code we inferred as the breeding pair, which is in line with our study methods. 

Region Reserve name Site code Red-crowned crane White-naped crane

2007 2008 2007 2008 

Anbang River Anbanghe PNR 4 0 0 2(1) 3(1)

Fuyuan Delta Honghe NNR 8 2(4) 0 1(3) 0

10 0 2(4) 0 0

Subtotal 2 2 1 0

Sanjiang NNR 13 1(3) 0

14 0 1(1)

16 0 1(2) 0 1(1)

Subtotal 0 2 0 2

Naoli River Naolihe NNR 27 0 0 1(1) 0

28 1(2) 2(4) 2(4) 2(1,2)

29 1(2) 1(2) 0 0

Subtotal 2 3 3 2

Dongsheng PNR 32 0 3(1, 4) 0 0

Qingxing River Qingxinghe NNR 33 3(4) 2(4) 0 0

35 1(2) 3(4) 1(2) 2(4)

37 2(2,3) 4(4) 2(3) 0

Subtotal 6 9 3 2

Sanhuanpao PNR 40 0 2(4) 0 0

Xingkai Lake 

wetland

Xingkai Lake NNR 46 0 2(1, 4) 0 3(4)

47 5(1, 4) 0

48 3(4) 0

49 2(4) 0

50 9(1, 4) 0

51 1(3) 1(1) 0 0

Subtotal 1 22 0 3

Total 11 43 9 12
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Fig. 3  Distribution of eight land cover classes of Sanjiang Plain in 1986 (a), 1995 (b), 2000 (c) and 2005 (d)

proximately half of its area from 11044 km2 in 1986 to 

6134 km2 in 2005, while the loss in the last five years 

is almost equal to the area lost in the earlier 15-year 

period between 1986 and 2000 (Table 4). This huge 

loss occurred in four areas: the Dulu River, the Fuyuan 

Delta, the Wai Qixing River and the Xingkai wetland 

(Fig. 3).

The loss of marsh mainly occurred through conver-

sion to paddy fields accounting for 1637 km2 (14.8%) 

and to dry lands severing 4391 km2 (39.8%) between 

1986 and 2005 (Table 5). The gain in marshes consisted 

largely from a conversion of grassland, forest and oth-

ers (mudflat), but this increase was, by far, too small to 

compensate for the loss.

Marsh landscape dynamics

From 1986 to 2005, both the edge density and area frag-
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mentation index of the marsh tended to increase, while 

the value of the landscape shape index showed a decline 

(Table 6). All three indicators suggest that fragmenta-

tion and isolation of the marsh have increased continu-

ously during the last 20-year period. Accordingly, the 

number of marshes, as well as the mean and maximum 

patch areas shows a distinctively decreasing trend (Fig. 

4). The rate of decline in the number of marsh patches, 

the mean and maximum patch areas, in the maxi-

mum patch perimeter and total perimeter length of 

the marshes from 1995 to 2005 was more than double 

than that in the 1986–1995 period. This is related to the 

development of the mechanization in agriculture after 

1995, especially in the 21st century.

Discussion

Population size and trends in distribution 

The number of Red-crowned cranes in 2008 (303 birds) 

was strikingly similar to the 309 cranes in 1984 (Ma and 

Jin, 1987), but no chicks was found and the crane dis-

tribution over the area changed enormously. The cranes 

became more concentrated in three regions: the Fuyuan 

Delta, the middle reaches of the Naoli and Qixing rivers 

and the Xingkai Lake wetlands, while the cranes were 

widely distributed in the six regions of the Sanjiang 

Plain in 1984. Three additional areas, where cranes are 

not found now, are the Dulu River and the lower reach-

Table 4  Changes of area (the number in the front of the bracket, km2) and area percentage (the number in the bracket) of seven land 
covers at different stages from 1986 to 2005 in Sanjiang Plain

1986–1995 1995–2000 2000–2005 1986–2005

Marsh –1211 (–11.0%) –1085 (–11.0%) –2616 (–29.9%) –4912 (–44.5%)

Paddy field 313 (5.4%) 4575 (75.2%) 4428 (41.5%) 9315 (161.4%)

Dry land 3886 (9.8%) –1616 (–3.7%) 3182 (7.6%) 5452 (13.8%)

Grassland –3446 (–46.0%) 172 (4.2%) –1399 (–33.2%) –4673 (–62.4%)

Forest 1232 (3.3%) –2469 (–6.4%) –33126 (–8.7%) –4362 (–11.7%)

Mudflat –911 (–32.0%) 528 (27.3%) –500 (–20.3%) –882 (–31.0%)

Others 137 (2.8%) –123 (–2.4%) 31 (0.6%) 45 (0.9%)

Table 5  Changes in the area of marsh over four periods of varying length between 1986 and 2005. The extent of habitat loss or gain is 
expressed as percentage change of the area at the beginning of each period.

Time period 1986–1995 1995–2000 2000–2005 1986–2005

Initial area (km2) 11044 9835 8756 11044

Loss to

Paddy field (%) 3.9 4.9 8.2 14.8

Dry land (%) 15.5 8.9 35.5 39.8

Grassland (%) 0.6 1.0 0.5 0.5

Forest (%) 2.2 0.5 2.1 1.7

Others (%) 0.8 1.3 1.1 1.3

Total loss (%) 23.0 16.6 47.5 58.0

Gain from

Paddy field (%) 1.5 0.5 0.9 0.3

Dry land (%) 4.8 2.5 2.4 1.3

Grassland (%) 3.7 0.5 3.0 2.8

Forest (%) 0.6 1.8 4.6 3.3

Others (%) 1.4 0.3 6.7 5.9

Total gain (%) 12.0 5.6 17.6 13.5

Net change over period (%) –11.0% –10.9% 29.9% –44.5%
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es of the Naoli and Abuqin rivers (Ma and Jin, 1987).

The reed marshes of the Dulu River have for long 

periods been the concentration area for breeding Red-

crowned Cranes (Feng and Li, 1985). A total of 23 cranes 

and four nests were recorded in 1984 (Ma and Jin, 

1987). In the early 1990s, a water engineering project 

and agricultural development resulted in the loss and 

degradation of the marshes. By 2001, only six cranes 

were observed by Li et al. (2003). Since then, this crane 

has never used this area for breeding again (Cheng 

and Li, 2006). In the lower reaches of the Naoli River 

16 Red-crowned Cranes were observed in 1984 and in 

the Abuqin River seven (Ma and Jin, 1987). These two 

regions are major areas for agriculture (Liu and Ma, 

2002). Most of the land was converted to paddy fields 

and dry land, neither suitable for breeding by cranes.

For the Sanjiang NNR, about 47% (34276 ha) of the 

forest and almost all meadows were lost between 1986 

and 2005. However, the marsh area remained stable 

(35504 ha in 1986 and 35852 ha in 2005) (Zhang et al., 

2009). The number of Red-crowned cranes increased 

from four birds in 1984 to 20 in 2008. This may have 

been induced by the enormous loss of forests, increased 

visibility and security for breeding cranes. For the Hon-

ghe NNR, the suitable breeding habitats for the Red-

crowned Crane increased from 1983 to 2005 (Liu and 

Li, 2008) with the number of cranes increasing from 28 

in 1984 (Ma and Jin, 1987) to 34 in 2008. However, the 

connection between Honghe NNR and its surrounding 

farms declined to 70%, suggesting that the reserve has 

become an isolated island in the landscape and espe-

cially destroying the water balance between the reserve 

and its surrounding areas in a serious way (Liu and Li, 

2008). The number of cranes in the Xingkai Lake NNR 

remained at about 50 birds, i.e., 52 in 1984 (Ma and Jin, 

1987), 47 in 2003 (Feng et al., 2005) and 44 in 2008. Its 

hydrological condition is similar to that in the Honghe 

NNR. Due to the establishment of paddy fields, the 

marsh is faced with a water shortage and threatens to 

become a dry meadow (see Fig. 3). Therefore, while this 

crane in the three reserves is threatened by water short-

age and a high level of human disturbance, the number 

of birds remains stable or may even be slightly increas-

ing.

For the White-naped Crane in the Sanjiang Plain, it 

is the first time that such large numbers are reported in 

the summer. In the past, the maximum estimated num-

ber of cranes was 100–150, based on the earlier surveys 

(Cheng and Li, 2006). The number of cranes in the 

Naoli and Qixing rivers reached 202 birds in 2002. This 

number may be the result of some double counting, 

Table 6  Dynamic changes of landscape indicators of the marsh in the Sanjiang Plain from 1986 to 2005

　 1986 1995 2000 2005

Patch density 0.1094 0.1139 0.1248 0.1366

Mean patch area (ha) 914 878 801 732

Maximum patch area (ka) 4005 3372 3189 1532

Maximum patch perimeter (km) 4166 3419 3246 1772

Total perimeter length (km) 27314 26179 24123 18805

Landscape shape index (LSI) 64.972 65.975 64.432 60.003

Edge density (ED) 24.732 26.618 27.55 30.655

Area fragmentation index (FI) 0.637 0.657 0.676 0.75

Fig. 4  Area and number of marsh patches in Sanjiang Plan from 
1986 to 2005
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because the cranes moved continually among the sur-

rounding sites of the Naolihe and Qixinghe NNRs and 

the Sanhuanpao Provincial Nature Reserve (PNR) (site 

codes 30, 33, 38, 39 and 40) (see Table 2 and Fig. 2). 

Even if we were to reduce this number because of some 

double counting, the total number in the Sanjiang Plain 

should be over 200 birds. However, the estimates of the 

number of nests is quite low, suggesting that most of 

the Sanjiang Plain is not suitable for breeding by this 

crane.

Factors determining current distribution of the two 
crane populations

The area of the marsh decreased by 45% within a 

20-year period. The major loss was converted to paddy 

fields and dry land, especially during the last five years 

due to the mechanization of agriculture. Economics 

and policies were the major driving forces behind the 

changes in land use and cover in the Sanjiang Plain 

(Liu, 2000). Pursuing economic profit played a ma-

jor role in transforming wetlands to cultivated land, 

explaining the inverse landscape dynamics between 

agriculture and changes in the area of the marsh (see 

Fig. 3). During the late 1970s to the early 1980s, the in-

troduction of a system of family contracted responsibil-

ity led to massive wetland reclamation for agriculture. 

During the 1986–2000 period, the speed of agricultural 

development and wetland reclamation slowed due to 

increased cost of fertilizers, pesticides and seeds and 

lower crop prices. From 2000 to 2005, however, agricul-

tural development and wetland reclamation was again 

promoted by government subsidies for agriculture.

As well, the population in the study area had in-

creased 5.24 times from 1949 to 2005. The increase in 

cultivated land shows a high linear relationship with the 

increase in population (Song et al., 2008). Therefore, 

wetland loss in the Sanjiang Plain can be primarily at-

tributed to direct human activity, mainly agricultural 

development.

The current marsh became fragmented and isolated 

in most areas of the Sanjiang Plain. Large marsh patch-

es are now only found in three parts: i.e., the Fuyuan 

Delta, the middle reaches of the Naoli and Qixing rivers 

and the Xingkai Lake wetland (Fig. 3). These areas have 

the greatest concentration of the two crane species. For 

the middle reaches of Naoli and Qixing rivers, the num-

ber of Red-crowned cranes remained stable between 

1984 and 2008. However, the estimate of nests (17 in-

dividuals) is considerably lower than the actual count 

of 197 cranes, which may be related to the high level 

of fragmentation and human disturbance. Fortunately, 

ownership of the two NNRs ensured the maintainance 

and stability of the wetland ecosystem. This region is 

still the major range for the two crane species, as long as 

the water situation can be controlled at a suitable level.

During the study period, the number of Red-

crowned cranes remained stable while the number of 

White-naped cranes showed a marked increase. Actu-

ally, the number of Red-crowned cranes experienced 

a rapid decline from 176 in 1984 (Ma and Jin, 1987) 

to 50 in 1995 (Piao et al., 2000) in the middle reaches 

of the Qixing and Naoli rivers. The recently recovered 

population can be attributed to the establishment of 

the system, now in place, of nature reserves. As well, this 

increase may be contrasted to other distribution ranges 

of the two crane species which have fared far worse. For 

example, the Zhalong NNR has experienced serious wa-

ter shortages and the occurrence of fires during the last 

ten years, which resulted in a considerable reduction 

in the number of Red-crowned cranes from 346 birds 

in 1996 (Pang, 2000) to the current level of about 200 

(H.X. Jiang, unpublished data) and change in nest-site 

selection (Zou et al., 2003).

However, in most areas the cranes did not breed even 

where we counted 97 pairs of Red-crowned and 42 pairs 

of White-naped cranes in 2008. Estimates of the num-

ber of breeding pairs of the two species are considerably 

lower than the actual number of couples now present, 

suggesting that human disturbance is the major reason 

the cranes limit their breeding.

Management implications

In order to enhance the conservation of biodiversity 

and wetland management, seven NNRs with a total area 

of 6994 km2 and 13 PNRs with a total area of 3508 km2 

were established in the Sanjiang Plain (Table 1). Our 
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survey results show that all cranes are found in these 

reserves, which also is proof that this system of nature 

reserves has improved the efficiency of conservation. 

Approximate 90% of the nests of the two cranes at the 

national level are distributed in these reserves. This 

poses the question “why the cranes only breed in these 

NNRs, rather than the other reserves?”.

In the entire Sanjiang Plain, save for Xinghai Lake, 

Sanjiang and Honghe, NNRs had been established 

before 2000. Others came later. The Sanhuanpao and 

Dongsheng PNRs and the Liuhetang MNR contain tens 

of cranes, especially the Sanhuanpao PNR. The lack 

of breeding pairs at present may be attributed to the 

high level of human disturbances. Considering the late 

establishment of these reserves, the infrastructures and 

staff capacity should be enhanced to improve monitor-

ing the direct and indirect impact of humans on water-

birds and this wetland ecosystem, in order to achieve 

long-term conservation goals. Given that the reserves 

are under different administrative jurisdictions of for-

estry, environmental protection and land reclamation, 

it is urgent to enhance collaboration and coordination 

among the different agencies.
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三江平原沼泽湿地变化对繁殖鹤类的影响

江红星1，钱法文1，刘春悦2，李晓民3，侯韵秋1，张国钢1，戴铭1，刘冬平1

（1 中国林业科学研究院森林生态环境与保护研究所，国家林业局森林保护学重点实验室，北京，100091；2 中

国科学院东北地理与农业生态研究所，长春，130012；3 东北林业大学野生动物资源学院，哈尔滨，150040）

摘要：为探讨三江平原沼泽湿地变化对繁殖丹顶鹤（Grus japonensis）和白枕鹤（G. vipio）的影响，2007 和 2008

年夏季我们对该区域展开了全面地面调查；同时，通过解译 1986、1995、2000 和 2005 年 4 个不同年份的卫星影像，

获取了沼泽湿地变化信息。对比 1984 和 2008 年两次全面调查结果，发现：1）丹顶鹤的数量基本稳定，维持在

300 只左右；而白枕鹤的数量呈现显著增加；2）两个年份中，丹顶鹤巢窝估计大抵相当，但两种鹤近 90% 的巢

址均分布在 5 个国家级自然保护区境内；3）两种鹤类逐渐集中于 3 个分布区：抚远三角洲、挠力河和七星河中游，

以及兴凯湖湿地；而不是以前的 6 个分布区。1986–2005 年的 20 年间，三江平原沼泽湿地面积减少了 45%。在

不同经济和政策的驱动下，湿地丧失的直接原因是人类活动，将湿地逐渐转变为水田和旱地。嘟噜河和阿布沁

河的鹤类消失，主要原因就是大规模的农业开发。沼泽湿地的破碎化和斑块化的程度越来越高，适宜鹤类繁殖

的栖息地势必越来越少。1984–1995 年间，丹顶鹤的数量呈现急剧下降；到 2008 年，数量基本得以恢复。这种

变化主要归功于 2000 年以后，三江平原自然保护区体系的完善。其次，保护区的土地权属对于维持湿地生态系

统的完整性起到了非常重要的作用，特别是三江、洪河、挠力河和七星河国家级自然保护区。这些保护区拥有

整个三江平原 80% 的鹤类种群。遗憾的是，在一些省级和市级保护区境内，本次调查期间，未发现有鹤类营巢

繁殖。这可能与比较高的人为活动干扰有关。最后，就自然保护区管理提出了一些建议。

关键词：丹顶鹤，白枕鹤，繁殖，种群大小，沼泽湿地变化，栖息地丧失，三江平原


