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Effects of weather change, human disturbance and interspecific competition on life-history and

migration of wintering Red-crowned cranes’
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ABSTRACT

It is well documented that physiological and nutritional condition of wintering birds is strongly related to
migration success to breeding sites, and also breeding success. However, how abiotic factors during winter
affect the migration and breeding successes still remains unclear. Thus, this study developed a
dynamic-state-dependent model for wintering life-history to identify the potential impact on the life-history,
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success to breeding site and breeding success of wintering birds, which are related to temperature fluctuation,

interspecific competition and human disturbance at the wintering sites. To find the best-fit-model, we referred

to the existing research data on wintering ecology of Red-crowned cranes (Grus japonensis) in Cheolwon,

Korea, which is well documented as a long-term wintering study. Our model predicted that the higher

temperature fluctuation and a higher rate of human disturbance are negatively related to migration success to

breeding sites and their fitness, ultimately breeding success via changing of proportion in resource allocation

(for e. g., lower energy compensation or higher level of stress accumulation). Particularly, the rate of body mass

compensation after arrival at wintering sites may be accelerated when there are less temperature fluctuations

and a lower rate of human disturbance. In addition, the rate of interspecific competition sharing the wintering

foraging sites is negatively related to the rate of body mass compensation. Consequently, we discussed the

conservation strategies of wintering birds based on the outcomes of the model.

KEY WORDS: WINTERING, FORAGING ACTIVITY, DYNAMIC-STATE-DEPENDENT MODEL, DECISION
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Figure 1. (a) Illustration of the resource allocation process
in the model. X(;), Gain mass; D(;), accumulated
damage level (or repaired level); N(;), net-
gain in resource; f ., the fraction of resource
allocated to somatic growth; f,, the fraction
of resources allocated to migration energy;
1—fy— fy the fraction of resource allocated
to repair, Note that 0<f +f, <I1. (b)
Scheme of the decision making in optimal
feeding cost and optimal ratio of fractions
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Table 1. Summary of variable and parameter definitions and the range of values used in simulations

Variable or

Description Range or values
parameter

Parameters for gaining mass:

Xe Weight coefficient for food consumption 1.115-1.135 (30)
¢ Maximum rate of energy gain 0.6-0.8 (30)

K Half-saturation of food consumption 0.17-0.21 (30)
€p Normalization constant for temperature-activity cost 0.1-0.3 (30)

€p Normalization constant for stressor-distance cost 0.2-0.4 (30)

€0 Normalization constant for stressor-frequency cost 0.15-0.3 (30)
€c Normalization constant for interspecific competition cost 0.1-0.3 (30)

Vo Stressor-frequency coefficient for metabolic cost 3.2-4.6 (30)

E Average activation energy of the respiratory complex 0.4-0.6 (30)

Ve Interspecific competition coefficient for metabolic cost 1.5-3.2 (30)
mp Reduction in metabolic cost due to resting 0.005-0.01 (30)
Parameters for damage:

0 Energy to damage conversion 0.015-0.035 (30)
10) Parameter for damage accumulation 0.265-0.315 (30)
ip Activity level at zero damage 0.002-0.01 (30)
Parameters for mortality:

I Mortality rate when active 0.003-0.012 (30)
Lr Mortality rate when resting 0.001-0.005 (30)
o Mortality rate due to damage 0.001-0.005 (30)

Lar Mortality rate during migration to breeding site

0.01-0.03 (30)
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Figure 2. Predicted (a-d) recovery rate (kg/s), (e-h)
mean optimized feeding activity, ;* and
(7-1) level of damage at the final time, §
in relation to (a,e,i) temperature gradient,
(b,f;j) distance from stressor, (c,g,k) stressor
frequency and (d,h,l) ratios of interspecific
competition. Data is the average of 10,000
iterations tested for 18 parameters combination
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Figure 3. Optimal resource allocation to flight energy
fa/f in relation to (a) temperature gradient
(solid line - steady gradient, dashed line - low
gradient, and double dashed line - high gradient),
(b) distance from stressor (solid line - safety
distance, dashed line - longer distance than
safety, and double dashed line - shorter than
safety distance), (c) stress frequency (solid
line - intermediate frequency, dashed line -
low frequency, and double dashed line -
high frequency) and (d) ratios of interspecific
competition (solid line - intermediate ratio,
dashed line - low ratio, and double dashed
line - high ratio). Data is the average of
10,000 iterations tested for 18 parameters
combination. See Method for detailed description
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Z=7hwEon, L He R v | o Sk
=7F =9a, 8] o] sAl7] fof A H B[y A7t 7
% sholth. B3 Wef el Azt 7t AeE HF ol
YA 9 FAo] Lejal BEHAN, kAT o] Hold
5 H YA 9 A o] Wgtrh(Figure 3b). #7F o2}
P 2200 FENET 2555 WP Y 20| =
2|aL o] FA7] wio] 2 H nlgYo A 7F kA, SHN
=7t e s vy £29 &k WEkth(Figure
3c). &2 AAAE FHoke e T3 A= vl
A FAd= e A FUtH(Figure 3d).
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< Wolth(Figure 4). WA, =7} EobA| L Bl
o] Azt /A S E AfEs Woon, =
e R 13ke] A7 b AR ool AdEe
7}a} it (Figure 4a). Wl 2 Q13k2] A 2|7} 717kg wfof
Fafacle] Edulwe duglo]l Adre v Wke
Vol @ Q1ako Al7h Qb AR o]k 7ol e a2l
AR 7t S7Hd 5 A= Woloh(Figure 4b). W
O FARET} w1 27 EoE APE
m, EENE7 B LeFuE Heas A
Al S 7hek A h(Figure 4c). E5A19 HAAS S
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Figure 4. Predicted fitness in relation to (a) temperature
gradient and distance from stressor, (b) stress
frequency and distance from stressor, (c)
temperature gradient and stress frequency,
and (4) temperature gradient and ratio of
interspecific competition. Data is the average
of 10,000 iterations tested for 18 parameters
combination
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