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(The legends of

Fig. 2—Fig. 8 are same as the legend of Fig. 1)

F1 ATRESHEEAGRIE
Table 1 The growth of body weight and body length of Bremophila
alpestris elwesi nestlings.

B |, BEGE) | RMEGD | £kkGEP | REEGER) [REkR@E0] XEE(ERD
ody weight [daily increase| total body |daily increase|standard bedy/daily increase
age (day) (g) (2) length (mm) (mm) length (mm) (mm)
0 2.5 — 34.6 — 34.6 =
1 4.1 1.5 39.7 5.2 39.7 B
2 6.4 2.3 44.1 4.4 44.1 4.4
3 9.6 3.2 49.4 593 49.4 5.3
4 12.0 2.5 53.3 4.0 o 7 .3
5 15.4 3.4 60.0 6.7 58.0 5.6
6 18.1 2ad 63.7 3u7 60.2 2.3
7 Z1.5 325 69.8 6.0 63.4 5.2
8 23.9 2.5 i | 5.4 66.4 3.0
9 26.5 255 80.3 5.1 68.7 2.3
10 23.1 —3.4 85.0 4.8 73 277
11 21.2 —1.9 87.8 2.8 72.8 0.8
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Table 2 The growth of various external organs of Eremophila alpesiris elwesi nestlings.

| Bk | ZEE | we | REE mmcwo ZAR bacoo 388 | = | BAS
woo) 5, | G0 | %, | B0 WEGED) Gl [TRORE) e | oo | (e
(day) (v:r::;g) increase (b:'nl:) increase t?tx;rnil)ls increase (::ren) increase (::;) increase
(mm) (mm) (mm) (mm) (mm)
0 6.2 — 5.0 —_ 5.8 — 4.1 — - —
1 7.5 1.1 o § 0.6 8.0 2.2 4.7 0.1 —_— -
2 8.6 1.1 5.8 0.2 9.9 1.8 5.6 1.3 — —_
3 9.9 1.3 6.1 0.3 12.5 2.6 7.0 1.4 —_ -
i 13.4 3.5 6.5 0.4 14.3 1.8 8.0 1.0 1.0 5
5 18.2 4.8 7.1 0.6 17.0 2.7 8.9 0.9 2.1 1.1
6 23.4 5.2 8.3 1.2 18.0 1.0 10.7 1.8 3.7 1.6
7 28.9 ] 9.1 0.8 20.3 2.3 11.5 0.7 6.3 2.5
8 35.8 6.9 9.5 0.4 21.6 1.3 i1.5 0.0 8.8 245
9 42.4 6.7 9.5 0.0 21.6 0.0 11.5 0.0 11.6 2.8
10 47.0 4.6 9.5 0.0 21.6 0.0 11.5 0.0 5 ) 2.1
11 50.9 39 9.5 0.0 21.6 0.0 11.5 0.0 15.7 2.0
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Fig. 3 Comparison of observed and simulated
standard body length data for the nestlings
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Fig. 4 Comparison of observed and
simulated wing data for the nestlings
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Table 3 The simulation of growth of body weight and body length of Eremophila
al pestris elwesi nestlings.

B#(XR) HEGED) LE(ER) FRiE kR (FK) standard
age (day) body weight (g) total body length(mm)| body length (mm)
0 2.50 34.60 34.60
1 3.82 39.21 39.04
2 5.71 44.10 ©143.52
3 8.24 49.20 47.94
4 i 54.42 52.19
5 14.92 59.70 - 56.19 :
6 18.51 E 64.93 59 B -1 o B T
7 21.78 70.03 63.19
8 24.46 74.93 66.14
9 26.50 79.55 68.71
10 24.46 83.85 ‘ 70.92
11 7198 - 87.80 72.80
SE 0.694 0.652 0.738

#4 AERBSHIIBHERNE

Table 4 The simulation of growth of various external organs of Eremophila
al pestris elwesi nestlings.

ance) | mkaen | mecen | MRG0 REGRE | Ra
age (day) wing (mm) beak (mm) (mm) (mm) tail (mm)
0 6.20 5.00 5.80 4.10 0.00
1 7.92 5.57 7.65 4.88 0.00
2 10.06 6.15 9.79 5.76 0.00
3 12.68 6.75 12.11 6.75 0.00
4 15.84 7.34 14.47 7.83 1.00
5 19.58 79 16.69 9.00 1.89
6 23.89 8.47 18.66 10.23 3.41
7 28.74 9.00 20.30 11.50 5.72
8 34.03 9.50 21.60 11.50 8.65
9 39.61 9.50 21.60 11.50 11.63
10 45.30 9.50 21.60 11.50 14.06
11 50.90 9.50 21.60 11.50 15.70
SE 1.632 0.404 0.265 0.178 0.226
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STUDIES ON THE GROWTH OF NESTLINGS IN THE
HORNED LARK (EREMOPHILA ALPESTRIS
| ELWESI)
I. MATHEMATICAL GROWTH MODELS FOR
EACH BODY PART

Zhou Li

(Northwest Plateau Institute of Biology, Acedemia Sinica)

Studies on the growth of nestlings are one of the most important tasks in bird biology.
Recently, mathematical models are noticed, many studies on the growth of birds have been
reported.

This paper provides mathematical growth models for each body part of nestlings in the
horned lark (Eremophila alpestris elwesi). The data for the growth were obtained from the
Haibei Alpine Meadow Ecology Research Station, Academia Sinica (Tab. 1—2).

Main curve parts in most of observed curves of growth for each body part (index): body
weight, total body length, standard body length, wing, beak, tarsumetatarsus, middle toe and
the tail of the nestlings, almost change along winding portions of the Logistic curve in the
. limited period of time (the nestling period: 0—11 days). Because of the decreasing difficulty
to estimate parameters, a model of growth of each index is constructed with the boundary
problem of the Logistic equation (1):

dy/de =1r-y-(1—19/[k)
yl:——'ro=y0 (1)
ylt'—‘t"": Ya

~

where

y = quantity of the index

r = the instrinsic growth rate

k = the saturation value of the index

¢ = time (day age)

7, = the initial time at which the index begins to grow along “s” curve

¥, = the observed value of the index at #

2, = the end time at which the index finishes growing along “s” curve

¥, = the observed value of the index at z,
A parameter k or r is only estimated accroding to observed data, another is determined by the
boundary conditions of the boundary problem (1) Estmating parameters are divided to r-
method, k-method and the optimum r-method(Zhou Li, 1986). Here the optimum r-method
is uniformly used to estimate parameter, r, calculative procedures of the optimum r-method
.estimating r according to observed data are described by formulae (2)—(6) Finally, equa-
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tions (7)—(14) are respectively models of growth of each index.
Body weight (g.)
dw/dt = 0.473 + w « (1 — w/30.73)

wl‘=u=2.5 Y
w9 = 26.5; fo<e<<o
w(s) = w(t —18); if 9<r<<11

analytical solution .
w(2) = 30.73/(1 + 11.2977); if 0<< << 9
w(t) = w(z —18); . o<1l
Total body length (mm) _ :
dL[/ds = 0.185 - L - (1 — L/114.32)

s ‘;=D T 346
L ]:=11 = 87.8 3

_ << 11
analytical solution ;
L = 114.32/(1 + 2.30¢0-1#%)
: (0<<r<11)
Standard body length (mm)
TS 3i% dL/dt = 0.220 + L - (1 — L/81.59)
{L|,— = 34.6
Loy =728
analytical solution
L = 81.59/(1 + 1.36¢™02%)

Wing (mm)
dL/dt = 0.267 «- L - (1 — L/85.40)
LY .g =62
L] ay == 50.9

analytical solution

L = 85.40/(1 + 12.77¢ 021

Beak (mm)
L = 01 b 5 L o= L 11 3.26)
Liae 50
Ll o< 1<8
L) =05 if 811

. analytical solution
L) =13.2/(1 4 1.64¢708%);: if 0<<:z<<38
L(z) =9.5; if 8="1="111
and equations (12)—(14) are omitted here.

Simulated results conform well to the observed data (Tab. 1—4
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