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Abstracts: The scaling of environmental capacity of single species (K) with the number of
patches (P) has been introduced by applying scaling theory in this paper based on the
investigated data of Oriental White Storks in Naoli River basin in China. The maximum
capacity of Oriental White Storks scales the mumber of patches to power 0.71, i.e., Ko< PM7
In the meantime, by incorporating the scaling relation into non-autonomous population
model for single species with Allee effect under the accumulative effects of human activities,
we simulated the population dynamics of the Oriental White Stork. The simulation results
show that the Oriental White Stork is a living dead species; there is about 100 vear time debt
for its extinction to respond to the past habitat loss and fragmentation. To avoid the
extinction of Oriental White Storks, habitat quality must be improved instead of holding
current quality. By comparisons of different cases of improving habitat, we find that the
changes of average patch area have more significant effects on the persistence of Oriental
White Storks than the changes of the number of patches on condition that the changes of
total areas are equal. Decreasing the number of patches is favorable to the persistence of the
Oriental White Stork. At the same time, a larger reserve is more propitious to the Oriental
White Stork’s long-term persistence than several smaller reserves with the same area.

Key words: Human activities, accumulative effects, Allee effect, Oriental White Stork,
living dead

Instroduction

Habitat destruction involving downright loss of habitat, degrading habitat quality and
fragmentation of the remaining habitat is the leading cause of population and species extinction
(Hanski, 1998). Fragmented habitat affects the environmental capacity of a certain species mainly
through average patch area and the number of patches. So the study of the scaling relation among
environmental capacity, average patch area and the mumber of patches is very important in landscape
and population dynamics (Lin ef al., 2005). Direct observations and experiments are hardly sufficient
to decipher all the long-term and large-scale biological consequences of habitat loss and fragmentation,
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the dynamical simulation is an effective tool to study the population dynamics. The previous models
to simulate population dynamics of single species do not refer to the accumulative effects of human
activities and mostly are autonomous dynamical models. Lin ef ef. (2005) establish Non-autonomous
Population Dynamics Model for Single Species Affected by Human activities at the first time by
incorporating the scaling of environmental capacity with the number of patches and take a case study
of red-crowned cranes. They pointed out: the red crowned crane is a living dead species. The question
we will propose is whether the Orniental White Stork meets the same question. The Oriental White
Stork is also listed as the national first-grade wildlife of China for protection on China's List of Wildlife
Under State Important Protection (Zheng and Wang, 1998) and classified as threatened on the TUCN
Red list of Threatened Animals (WCMC, 1994). The population size decrease quickly since 19707
due to habitat deterioration following marsh reclamation for cultivation and disafforestation and
overkill.

In this paper, we firstly identified the scaling of environmental capacity of the Oriental White
Stork to the number of patches; secondly, we forecast the population dynamics of the Oriental White
Stork by Non-autonomous Population Dynamics Model for Single Species Affected by Human
activities. We intend to reveal the mechanism of the response of population dvnamics of Oriental
White Storks to accumulative effects of human activities and to answer whether Oriental White Stork
is a living dead species by numerical simulations; finally, we have simulated different cases of
improving habitat quality, which provide some scientific implication to preserve the long-term
persistence of Oriental White Stork.

Materials and Methods

Study Area

The study was conducted in Naoli River basin (131°31'2E, 45°43'N-134°10'E, 47°35'N), where
is the hinterland of Three River Plain in Heilongjiang Province of China. It borders on the watershed
of Wanda Mountain in southeast and adjoins Wusuli River on east with a total area of 241.67=10* hrm?,
which is close to 1/4 of the total area of Three River Plain and the total wetland area of it is more than
1/4 of that of Three River Plain. There are four wetland nature reserves in Naoli River basin and all of
which have some representativeness in preserving the biodiversity of Three River Plain and holding
the ecosystem function and process. The agricultural exploitation is so intense in this basin that there
are four great-scale agricultural developments since 1949, especially for the period of rapid economic
growth since 1980.This study area mainly consists of six counties and seven modern farms, and has
1.25 millions of people, of which peasant population account for about 65.6%.This arza is one of the
most important productive bases of commodity grains in China. Many wetlands change into
farmland due to the population explosion and economy growth. Wetlands shrank to shore and lose
80%. The remained wetland only account for 7.1% of total area of the wetland in this basin and11%
in Tree River Plain.

Data Source

Two data sets are adopted to analyze the landscape changes of the wetland ecosystem in
1967 and 2000, respectively (Fig. 1).The dataset in 1967 is derived from the relief map
scaling 1:200,000 in 1960s (referencing to the relief map scaling 1:100,000 in 1967 and 1968), While
that in 2000 is derived from ETM sensor data acquired from June to July in 2000(four panoramic
images and five semi-panoramic images) and detailed field data (Liuef @f., 2004a). To improve
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Tahle 1. The changes of the number of Grus japonenss, habitat area and patches number in Naoli River basin

Time No. of the orental white stork Wetland area (km® No. of patches
1967 860 687 .64 24
2000 41 1853 .62 2866

Table 2: The extinction time when total area is not changed wathr =0.065 and a =10

Cage 1 Cage Case 3 Case 4
The number of patches  The average patch The number of patches The average patch
decreasing by area decreasing by decreasing by area decreasing by
0% 50% 90% 0%

Extinction time 2185 2063 - 2032

Tahble 3: The extinciion time when tota areaincreasing wvathr=0.065 and a=10

Cage | Case 2 Casge 3 Case 4

The total area of habitat increases by 50% The total area of habitat increases by 100%

The average patch  The average patch The average patch The average patch

area unchanged, area decreasing, area unchanged, area decreasing,

while the number of  while the number while the number of  while the number

patches decreasing  of patchesunchanged  patches decreasing ofpatches unchanged
Extinction time 2269 2499 2845 escaping from extinction

a

Fig. 1: The landscape structure of wetlands at 1967 (a) and 2000 (b) in Naoli River. 11. Marsh, 12.
meadow wetland ,13 .scrub wefland, 14. island forest wetland, 15. lake wetland, 16. river ,17.
paddy field ,18. dry land ,19. forest, 20. other land

the precision of above data and to reflect the status of land use and wetland landscape during different
periods in history, we adopt the same system of landscape classification, map projection and minimum
cell of cartography.

According to the natural properties and sceper condition, the wetland landscape has been
classified into widen water surface (also sorted into lake, rive, paddy field), meadow wetland, serub
wetland, island forest wetl and and marsh wetland and the rest has been classified into dry land, forest
and other land.

Observation Data

Table 1 shows the changes of the number of Oriental White Storks, habitat area and the number
of patches in Naoli River basin in China from 1967 to 1999 (Zeng et al., 2003; Liu 2004).

As shown from Fig. 1 and Table 1, habitat loss and fragmentation in Naoli River basin have been
intensified as a result of population explosion and reinforced activities of human being since 1967,
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which results in the population size of Oriental White Storks decreasing rapidly. Therefore, it is
propitious to the conservation of Oriental White Storks to study the relations among the environmental
capacity, average patch area and the number of patches.
Non-autonomous Population Dynamics Model for Single Species with Allee effect under accumudative
effects of Human Activities
The scaling relation between environmental capacity and the number of patches

It is well known that for any species or population, its environmental capacity has a close
relation with average patch area and the number of patches. Assuming s and P denoting average
patch arza and the number of patches respectively, then the relations among environmental capacity
(k. i.e., the number of Oriental White Storks habitat can hold), average patch area and the number of
patches can be expressed as:

Ko sP® (1

If we take S, K, as the total area of all patches and environmental capacity at the starting time
and S, k; as the total area and environmental capacity after human have destroyed landscape for T
year (T = 33 from 1967 to 2000 in this study) and then

Sy =8y /Py sy =587/ Pr (2)

Based on Eq. (2), we get the following:

k ix (5)"*1 (3)
kT ST PT

From Eq. (3), we get the index of the number of patches (n):

lg(-+5)

k,S
kST 0)

In this paper, we substitute corresponding data in Tablel into Eq. (4), then
N=0.71 &)

Therefore, the scaling of environmental capacity of Oriental White Storks with the number of
patches can be expressed as

K o s = P! o)

From Eq. (3) and (5), the environmental capacity of Oriental White Storks at any time can be
expressed as:

k, =k, Br (5)D ” @]
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Nown-autoniomous Population Dynamics Model for Single Species under Accummulative Effects of Humean
Activities

ger(lfN/K) @&
dt

Equation 8 is the well known Logistic growth model. Where r is the intrinsic growth rate, N is the
population size and K is the maximum capacity that environment and resources can hold.

Obviously the right-hand side of Eq. (8) does not include time explicitly andthe model belongs
to autonomous Population Dynamics Models. At the meantime, other early models as Prey-Predator
model (Lotka, 1925; Nicholson and Bailey, 1935) and cotemporary model as Levin’s (1969), Hanski’s
(1997), Tilman’s (1994) and so forth, they also do not include time explicitly. Therefore, they can not
be used to study the accumulative effects of human activities. Human-caused habitat destruction and
its effects on population dynamics are different during different periods in history. That is, the
interaction of population dynamics and human-caused habitat destruction is a function of time. So, we
think it is needed to build and apply non-autonomous, Population Dynamics Model to describe and
study the time accumulative effects of human activities. We introduce fit) to represent the effects of
human-caused habitat destruction on population dynamics.

it =11t 9

where t is the time for the simulation of population dynamics after human activities stop. After
human-caused habitat destruction stops, the effects of human activities on population fade down
over time. Then the accumulative effects of human activities on environmental capacity can be
expressed as:

F(t)= im (10

If k; represents the environment capacity when human activities stop and K(t) represent the
environment capacity in consideration of accumulative effects of human activities, then we can get the
following:

K(t)=kT/F(t)=kT/§1/i (1)

We substitute Eq. 11 and 7 into Eq. 12, then we can get the non-autonomous population
dynamics model for single species under the accumulative effects of human activities:

N N N
T N(1 - E) =1N(1— W) (1

"s, B
The right-hand of model (12) we proposed includes time explicitly; it belongs to non-autonomous
dynamical systems in mathematics. Herein, it can be used to study the time accumulative effects of

human activities.
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Allee effects

Populations at very low numbers may go extinct due to Allee effects (Allee, 1931). Too low
population size will lead to low fecundity (McCarthy ef af., 1997), when population density is under
the threshold density, population will decline and go extinct at end. Because the Oriental White Stork
is an endangered species, it is more prone to Allee effect. So it is necessary to introduce Allee effect
into model (12).

N N N

—=1N(- ) )

dt Py, it N (13)
KD%X(E) IS ta

where N/N+a is the Allee effect and a is the Allee effect constant. The bigger a is, the greater the
Allee effectis. We take 9<ax<35 for the Oriental White Stork, 1.e., when the number of Oriental White
Storks ranges between 9 and 35, species will go extinct.

In contrast to the classical Logistic Model, the model we have advanced here involves not only
time  but also the accumulative effects of human activities, the landscape fragmentation factor which
imposes the most significance effects on population dynamics as well as the habitat arca factor.
Moreover, it also holds the merits of Logistic Model that sufficiently consider both the environmental
capacity and the Allee effect.

Results

In order to study the future trend of the Oriental White Stork and further to provide scientific
applications to protect the Oriental White Stork, we have simulated population dynamics of the
Orental White Stork under the accumulative effects of human activities since 1967. Figure 2
is the simulation results of population dynamics of the Oriental White Stork according to model (13)
with 1= 0.065 (Xu eral., 1993), a=10(a), a= 20(b).

As shown from Fig. 2a, when a = 10, population size will increase transitorily after human
activities stop andthen decrease quickly. During the first decades, the declining speed is very high
and becomes slowly later, which indicates the effects of human activities become more and more
weak. In 2097, the population density is lower than 10, which means the Oriental white stork is
doomed to extinction. Shown from Fig. 2b, when a = 20, the Oriental white stork also experiences a

2000 2020 2040 2060 2080 2100 2120 2140
Time (yeer)
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Fig. 2: The population dynamic of Oriental white storks in the case of a= 10(a), a = 20(b), r= 0.065

transient recovery firstly andthen decline. It will go extinct in 2029.At the meantime, shown from
Fig. 2, if not recovering and improving the present habitat quality, the Oriental white stork will be
doomed to extinction in this area due to the past 30 vear continuous habitat destruction caused
by human activities. That is to say, there is a time delay of 100 year for species extinction to respond
to habitat deterioration. The simulation results also justify the extinction debt advanced by
Tilman ef af. (1994), i.e., following habitat 1oss, the threshold condition for survival is no longer met
for some species, but these species have not yet gone extinct because of the time delay in their
response to environmental change. Such species are called the dead-living (Hanski, 1997).T o protect
Oriental White Stork, we must improve habitat quality sufficiently before species go extinct.

Discussion
From above simulation, we can get the following conclusions:

+  The maximum capacity of Oriental White Storks scales the number of patches to power
0.71,1ie., K = PU7!.

+  Ifnot recover and improve the landscape quality, the Oriental white stork will go extinet in 100
year in this area, that is, the Oriental white stork is a living dead species. It provides some
implications for biology conservation that we must recover and improve habitat quality so as to
avoid extinction of Oriental white storks instead of solely protecting the present landscape.

How can we improve habitat quality and further to protect the Orental white stork on the
premise that the total area of habitat being unchanged? If we improve habitat quality, how can we
protect the Oriental white stork from extinction more effectively? To solve such question, we discuss
how we conserve the Oriental white stork on condition that the total area is not changed and increases
respectively. Then, we designed 4 cases and respectively give the extinction time in these cases as
shown in Table 2 withr=0.065 and a = 10.

Showmn from Table 2, on condition that the total area is not changed with r =0.065 and a = 10, to
reduce the number of patches (i.e., to increase average patch arca) is propitious to species persistence.
When decreasing 50% of the number of patches, the extinction time will be postponed for 88 year in
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contrast to 2097 in current landscape; when decreasing 90% of the number of patches, the Oriental
white stork can escape extinction. However, to reduce the average patch area (i.e., to increase the
mumber of patches) is disadvantage to species persistence. When decreasing 50 and 90% of average
patch area, the extinction time will be advanced for 34 and 65 vear, respectively. Moreover, we can
find that the effects of decreasing the number of patches are more significant than those of increasing
the number of patches. Therefore, a bigger reserve is more favorable to persistence than several smaller
ones provided that the total arcas are the same.

The above mentioned is solely to improve the structure of current landscape. If we would
optimize landscape by means of increasing habitat area, which effect will be more prominent, to
increase average patch area or to increase the number of patches? We suppose the situations that
average patch area doesn’t change and the number of patches increases, or average patch area increases
and the number of patches doesn’t change. Then, we designed 4 cases and respectively give the
extinction time in these cases as shown in Table 3 with r = 0.065 and a = 10.

As shown from Table 3, we suppose that habitat area increases by 50%, in case 1 the extinction
time of the Oriental White Stork is in 2269, being postponed for 172 year in contrast to 2097 in current
landscape with average patch area unchanged and the number of patches increasing by 50%; in case 2
the Oriental White Stork will die out in 2499, being postponed for 402 year. In case 3 and case 4, total
areas both increase by 100%. The extinction time isin 2849 year in case 3, being postponed for
748 year.While in case 4, the Oriental White Stork will escape from extinction. It also reveals that it
1s more propitious to species persistence to increase average patch area than to increase the mumber
of patches when increasing the same proportion of habitat.

As shown above, on condition that the changes of total habitat arsa are equal, the effect of the
change of average patch area on extinction time is more significant than the change of the number of
patches. Therefore, when recovering and improving the habitat to avoid Oriental White Stork
extinction, we should give first priority to the enlargement of the average patch area or to bigger
patches instead of increasing the number of patches.

Liu ez af. { 2004b) find that linear corridors are the major factor leading to the fragmentation of the
wetland landscape in Naoli River basin, especially for the construction of irrigation works. The mumber
of penstocks increases from 1234 to 13546. By comparing different cases on the conditions of
improving habitat quality, we find that average patch area has a more significant influence on species
than the number of patches when the changes of total arcas are the same. In addition, the Criental
‘White Stork requires very big domain for the propagation (Su, 1993). So to preserve the Orniental White
Storks, it is very important to reduce the number of penstocks to make several smaller patches change
into bigger patches. Moreover, as for the design of the reserve of Oriental White Storks, the larger the
reserve area is, the more beneficial it is to species persistence. A bigger reserve is better than several
smaller ones though the total areas are equal, which agrees with some principles of biogeography island
theory (Diamond, 1975).

Although nowadays many complex spatial explicit metapopulation models have been developed
to forecast the population dynamics, with a common shortage that they are too complicated with lots
of parameters difficult to estimate and assumptions difficult to test. While the model we have put
forward hereinto is much easier to operate and test. Similarly with other models, there are lots of
uncertainties in forecasting the extinction risk due to the variability of landscape structure. In short,
the contribution of the model to the biology conservation lies in the comparison between different
landscape structures and different management cases (Hanski, 1998).
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